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Hitachi Dot Matrix Liquid Crystal Display (LCD) Module was developed to display numerals, 
alphabet, symbols, graphics, etc. 

The twisted-nematic type liquid crystal, with a high contrast ratio was used. Hitachi Dot Matrix 
LCD Module has been widely used as a display component for portable data terminal equip- 
ment, word processors, electronic tabletop calculators, telecommunications equipment 
throughout the world. 

This brochure describes the electrical and optical characteristics, external dimensions and 
precautions in handling the standard type of products. 


MEDICAL APPLICATIONS 


Hitachi’s products are not authorized for use in MEDICAL APPLICA- 
TIONS, including, but not limited to, use in life support devices without the 
written consent of the appropriate officer of Hitachi’s sales company. Buyers 
of Hitachi’s products are requested to notify Hitachi’s sales offices when 
planning to use the products in MEDICAL APPLICATIONS. 


When using this manual, the reader should keep the following in mind: 


This manual may, wholly or partially, be subject to change without 
notice. 


All rights reserved: No one is permitted to reproduce or duplicate, in 
any form, the whole or part of this manual without Hitachi’s permission. 


Hitachi will not be responsible for any damage to the user that may result 
from accidents or any other reasons during operation of his unit accord- 
ing to this manual. 


This manual neither ensures the enforcement of any industrial proper- 
ties or other rights, nor sanctions the enforcement right thereof. 


Circuitry and other examples described herein are meant merely to 
indicate characteristics and performance of Hitachi semiconductor- 
applied products. Hitachi assumes no responsibility for any patent in- 
fringements or other problems resulting from applications based on the 
examples described herein. 


No license is granted by implication or otherwise under any patents or 
other rights of any third party or Hitachi, Ltd. 


January 1987 ©Copyright 1987, Hitachi America Ltd. Printed in U.S.A. 
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TABULATED DATA 


TABULATED DATA FOR HITACHI GRAPHICS MODULES 
External Size Effective View 


Power Supply 
L x W x Th (Max) Area L x W 


Part No. 


| COMPACT VERSIONS 


@>) 
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TABULATED DATA 


Operating Storage 
Temperature | Temperature phy Built-in LSI Recommended Controller Part No. 
° °C | upply 


C 
0~+50 | -20~+60 Double | HD44104 HD61830 LM200 
HD61830 +HD44104 LM213B 


0~ +40 Double | HD61830+HD44104 | Built-in |— | LMaisxB | 
0~ +40 Double | MSM5839/5238 LM211XB 
= MSMs839/HD61105 | HDese4sF = |— =———sd Ss M266XP 
HD61104/105 FHDese4sF = |— sss M55 1X 
| CB1026R/CB1056R | 
- 
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O0~ +40 Double | 
O~ +40 Double | 

Double | HD61100/103 CB1026R/CB1056R| LM221XB 
HD61100/103+61830B| Builtin = LM238XB 


O~ +40 Double 
HD61 100/103 LM215XB 
-HD61100/103 LM224XB 


0~ +40 Double 

0~+50 | -20~+60 Double | MSM5279/5278 | veassimsme2ss]— —-—s—s|-—sL M240 
z 450 HD61 100/103 LM225X 
0~ +40 Double | MSM5279/5278 LM236XB 
0~ +40 Double 
O~ +40 Double 
0~ +40 Double 


20 ~ +60 Double 


0~ +40 -20~ +60 Double 
HD61104/105 HD63645F -— LM 0X 
MSM5279/5278 V6355/MSM6255|— «.—ss—s—s|—s LM585X 


HD61104/105 HD63645F [i LM246X 


HD61 104/105 HD63645F LM252X 


HD61100/103 LM258X 
HD61104/105 FHDes645F = |— Ss: M5 4X 
HD61 104/105 sHDese4sF =9|— ————*_—LM280x 
HD61104/105 pHDes645F =f — ——~—~SsédYSs M28 2XP 
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1 LINE 
SERIES 


2 LINE 
SERIES 


4 LINE 
SERIES 


| COMPACT V 


TABULATED DATA 


TABULATED DATA 


Char. L External Size Effective View 
By Line L x W x Th (Max) WwW 


LMO054 84x 44x 12 


mae _|. 126 x36 x 12 
H2571 32 x 1 174.5 x 33 x 13.4 


Character 


Size WxH 


6.5x9.4 
63.15 x 7.9 


| 132.5x 14 3.15x7.9 


H2572 182 x 35.5x 13 154x 15.3 3.15x7.9 


| _LMo58 290 x 60 x 13 245 x 19 4.82 x 8.18 


LMO52L 80 x 36 x 12 64.5 x 13.8 2.95 x 3.8 


100 ¥ 13.8 


LMO75L 80 x 36 x 12 64.5 x 13.8 


2.95 x 3.8 
6.60 x 9.4 (numeric) 


LMO16L | 84x 44x 12 61x 15.8 2.95 x 4.86 


84x 44x 12 61x 15.8 


LMO32L _ 
LMO6iL 
LMO60L 


ERSIONS 


LM104L 80 x 30x 11 62x 15.1 
LM105L 95 x 30x 11 76.7 x 15.1 
LM107L 152.6 x 15.1 


L.E.D. BACKLIGHT VERSIONS 


154% 15.3 
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2.95 x 4.86 
6.51 x 11.5 (numeric) 


LMo6sL 83 x 43x 11 61x 17.6 2.95 x 4.86 
116x 39x 13 | 83x 18.6 3.2 x 4.85 


115x 39x13 83 x 18.6 3.2 x 4.85 
116x 39x13 83 x 18.6 2.7 x 4.85 


2.96 x 4.86 
3.2 x 4.85 
3.2 x 4.85 


Font Size 
WxH 


x11 


x 7 w/cursor 


x 7 w/cursor 
5 x 7 w/cursor 
5x11 
oa 
5x1] 
5x8 
5x8 
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5x8 
5x8 
5x8 


on Oyo; on on O7 | O72 | O01} O71 | On | 
x |X x |x |X x xX x x 
0 | 00 © | 00 | 0 oo oo fee) co 


or 
x 
© 


x8 


oor} Or} on 
x |X x 
© | CO 19.8) 


on 
x 
© 


| 


Power Supply 


Vop 


-Vs5 
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TABULATED DATA 


Operating Storage ; 

pened Temperature | Temperature ae 
i ib 
fe OO Oe 50 20 70 25 
| oo htt o~ 50 | -20~+70 | 25 | 
| oo) htt | 50 | ~20~4+70 | 25 
| og | 0 | 450 | -20-+70 | 30 
Pp ov} ~~ 50 | -20~+70 | 25 
Jo | 10 ~ 450 | ~20~+70 | 40 
pS fe fn 80 f 207 88 
ee ae ee ee 
TS ee 
| oh hTStC|_ co ~ 450 | -20~+70 | 65 
| ooh SCT So ~ +50 | -20~+70 | 150 
Pp oS | +50 | -20~470 | 28 
SARE. AI Ee 
po fs | o~ 480 | -20~-4+70 | 25 
po On AS 
aden 
a ae ET 
po tS | 50 | -20~4+70 | 50 
pee Ono I 1S 0) 070.) 60 | 
| oo) hl | +50 | -20~+70 | 60 
po tS | 450 | -20~+70 | 65 
ae ee ee ee ee 
| ooh h| SCS S| ~~ +50 | -20~+70 | 65 
ee ee ee ee ee ee 
po 5 TT ~ 50 | -20~470 | 50 
poo Tt | o~ 50 | -20~+70 | 65 
| oh] 50 | O~ +50 | -20~+70 | 40 
| o | 400 
| oT 400 | 50 | -20~+70 | 50 
| oT 550 
| oo T8580 | ~ 50 | -20~+70 | 80 
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Power 
Supply 


Single 
ingle 
ingle 
ingle 
ingle 
ingle 

Single 

Single 

Single 

Single 

Single 

Single 

Single 


Single 
Single 
Single 


Single 
Single 
Single 
Single 


Single 


Built-in LSI 
Controller and Driver 
HD44780 LM054 


HD44780 + HD44100 


or MSM5259 


HD44780 LMO20L 


LM052L 


LMO75L 
HD44780 + HD44100 

or MSM5259 woudl 

LMO68L 

LMO74L 


HD44780 + HD44100  WTOSL 
or MSM5259 | 
LM107L | 


HD44780 + HD44100 | LMO93LN_ | 
or MSM5259 LMo09iLN | 
| LMog2LN | 
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SEMI-CUSTOM OPTIONS 


SEMICUSTOM How to read the table. 


We provide liquid-crystal module with optional specifications @: Under production 
as follows. Table 1 shows LCD module already in production. O: Unable to produce technically. 
A: Black coated metal frame Blank: Able to develop on customer’s request. 


T: Transflective type for installing the EL 
H: Available in extended temperature range 
(operating -10°C ~ +70°C, storage: -40°C ~ +80°C), 
driven by double power supply. 
L: Duty = 1/16, available with single power circuit + 5V. 
N: Electroluminescent panel 


Table 1. Semicustom List 


rere Display OPTIONAL SPECIFICATIONS ti 

| wxH | ATT | HW | [HT | ON | 12:00Viewing © 
eg OO 2D een OOO Je gaa we lle Oe Or Se alco ge he ca tl ec vec ae to oe aed Leesa 
| 2 | tmMo2i | = a4x47o || EO OT Moo? | 
/. 9) tM2i2 | 48x64 | OO PO 
| 4 [| tm2o0 | = 64x40 | | @ | ew Pl Of ef ees 
| 5 | LM2iaxB | 64x256 | | Oo | oO |] o]o;e | TU 
| 6 | LM2iixB | 64x480 | | | oO} Of] oOo] | 
7 Nee | 100x640 | — 24 _— aaa 
i ee tos ll 
| 9 | LMa3zexB | 128x240 | | | o};olot} | | 
jes NO: Ni RMOISXB. |. 128480. fe ae OOO ee ae te 
Graphics | 11 | LM224xB [ 128x480 | | | Oo |o]o] | ft 
Displays | 12 | LM24oS_ | 128x480 | [| | Oo ]|ol]o|t | | 
ft] UM225X, 1 — 200 K640. i On OO ne i ee 
| 14 | LM236exB | 200x640 | | | O;]o};ot | | 
2006402) OO Oe el 
200 x 640 eS ROR Ros Ce a Ree | ee 
8 ee a ee 

| 19 | Lm2sex | 64x240 | | | o};olol!] | 

ee a ee ee ae es ee ee ee ae ee eee 
| 21 [| um2sox. | 200x640 | | | oO}; o]o}] | | 
| 22 | Lm2e2x_ | 4ooxe4eo | | {Otol o, | 
| 23 | umMos4 | Bxt | lt wh Pl ef OT Mo 
Ef 
| 25 | LMoiS. | text | lf | PE OT 
e526.) IEMSGOAR 2). Gt al Oh |e a oe oe ee ee ees ee 
227 | LMO20L. | 16xt | ee 
228.) EMOTO. | 20x41 
| 29 [| Lmoss | 20xt | ltl ow fT we PT Of ew 
| 30 | LMo27 | 4x1 | lf | POT 
| 31 | Ha571 | 2x1 | lf | ew Pl Of em || MOS 
$2 | H2572. 40x) w]e |e Ol). 
5157 SA aT Se SCR Sele GT Rt SRA 

| 34 | tmosae | 6x2 || Tote 
ehavaetae ile 2ebees | SEMOTOU SAG ee = Ne etl cella ered cece eae at on On es ee 
pigptaye [oO —-LMoreL | 16x2 | @ | e | @ {|e |e] | ison | 
sprays [37 [ umoese | wex2 | | [| | TT 
(eB 2), LMOFAL OO te a re cent Nan oe Np et ell 
ae ee ee ee 

| 40 [| LmMoeiL | 20x22 [| [elet| =[{[e| | tmMosr 
| 41 [| tmoeok | 24x2 | | TT 
| 42 | LMoi7zL | 32x2 | lf @ | ew fle | le 
| 43 | LMoisL | 40x2 | [|e | ele |e} {| mos | 
| 44 | tmo4iL | 6x4 | @ |llhlUdT w fle flO 
| 45 | tMoaau [| 20x44 | | | ef ew | Of Mosse 
ee a ee Cee a oe ee ae eo ee eee eee 
ae ee ee ae ee ee oe ee Ee ee eee: eee eee 
ee i ae ae ae ee ee ee ee eee 
| 49 | tmMoso | = t6xt Cf we ] Of]. POY OT OP 
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DRIVER LSI LINE 


HITACHI LCD DRIVER LINE-UP 


e General 


LCD driver 


SECTION 1 


Function & features Supply logic Vpp-VEE SSeS Package 
Duty Driver 
LCD Driver 
HD44100H @ Internal shift register: 20 bit x 2 10V pie 40 FP-60 
oa 
LCD Driver 
HD61100A @ Internal shift register: 80 bit 16.5V Free 80 FP-100 
| High speed operation: 2.4MHz 
: stare 
eSegment display 
LCD driver | 
Function & features Supply logic Vpop-VEE Package 
Driver 
7 Segment LCD Driver Static 
HD61602 @ Low power: 0.5 mW (5 V) 2.2~5.5V 2.2~5.5V 1/2, 1/3 51 FP-80 
@ Internal LCD power supply 1/4 
ie tu seee errs es eer Seis ee eel 
7 Segment LCD Driver | | 
HD61603 @ Low power: 0.5 mW (5 V) 2.2~5.5V 2.2~5.5V Static 64 FP-80 
e Character display 
LCD driver 
Function & features Supply logic Vop-VEE Package 
LCD Controller/driver 
@ No. of chracter: 80 max 5V — 1/8, 1/11 Com. 16 FP-80 
LCD Il @ Character generator: 192 1/16 Seg. 40 : 
(HD44780) @ Font:5x7or5x 10 
fp ma a fe a fe oy 
LCD Controller 
@ No. of chracter: 80 max 1/8, 1/12 
HD43160AH ® Character generator: 160 ov 7 1/16 _ FP-54 
@e Font:5x7or5x 11 a 
gfe en 2 I Ae L. aL 
e Graphic display 
LCD driver 
Function & features Supply logic Vop-VEE Package 
Segment driver (1/32 duty) | 
HD44102CH e Internal RAM: 8 x 50 x 4 bit 5V 10 Seg. 50 FP-80 
e Direct display of RAM data 1/8, 1/12, | 
1/16, 1/24, —_— —_— 
: Common driver (1/32 duty) 1/32 
ee = Paternal ding. genereter see alias | ati 
eee eens 


Common driver (1/64 duty) 1/8, 1/12, 1/16, 
HD44105H @ Large No. of LCD driver —2s 1/24, 1/32, 1/64 | COM Se | Eva? 
Seaerevirea 


LCD Controller for graphic 
e Grafic or character mode 


HD61830 5 V ase ‘ FP-60 
@ Character generator: 192 
aa i or 
LCD Controller for graphic Static 
HD61830B @ High speed shift: 2.4 MHz ~ 1/128 | - | P00 | 
Segment driver (1/64 duty) | 
HD61102 @ Internal RAM: 8 x 64 x 8 bit 
e Direct display of RAM data 1/48, 1/64, = ; 
. 1/100, 1/128 
een Common driver (1/64 duty) 
HD61103A @ Internal timing generator 16.5 V j Com. 64 FP-100 


Seg. 64 FP-100 
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GENERAL SPECIFICATIONS 


‘FEATURES | 


1. Various types are available, from small-size module for 4. Due to its small size and light weight, compact display 
character display, to large-size module for graphic display. equipment can be constructed. Also, low driving voltage 
and low power consumption make battery power opera- 


2. All modules include driver LSI on board. Some modules 
tion possible. 


also include controller LSI. 


3. When using graphic liquid crystal display module, use our 
recommendable control circuit board that simplifies the 
display system. 


| APPLICATIONS 


Portable data terminal equipment 6. POS terminal equipment 
Word processors 7. Electronic typewriters 
Telephone applications 8. Measuring instruments 
Facsimile machines 9. Other display devices 
Personal computers 


oP eo NS 


[Staticelecticty CTC 


Note Electro-static discharge resistance is tested by charging a condenser with a capacity of 200pF and discharging it by contact with an interface. 


connector pin. 


Environmental conditions 


I ie re cae ones ee se ioe a 


Ambient temperature Refer to individual specifications a 


[Virion Cd ST SOC 
Shock SSSCSCS~S~dSSS 


Note Humidity conditions are as follows. 


Under 128 x 240 
Ambient temperature (Ta) 


Ta S40°C 95% RH max. : 85% RH max. 
Ta > 40°C Below maximum absolute humidity of . Below maximum absolute humidity of 
(Below maximum temperature) 40°C 95% RH ; 40°C 85% RH 


r 


No corrosion gas 


Number of dots 


128 x 240 or over 
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GENERAL SPECIFICATIONS 


OPTICAL DATA 
Gray type - S type (Ta = 25°C) 


Contrast ratio K 


Response time (rise) 


Response time (fall) 


X type (Ta = 25°C) 


[Wx [Unis [Notes tose | 
ae ar 


Response time (rise) 
Response time (fall) 


Note 1. Definition of 6 and @ Note 2. Definition of viewing angle $1, and @2 
K 
Oo $1<25'< ga 
a: 
x 
bw 
% 
s 14 
S 
fo) 
OU 
1 $2 
Viewing angle 
Note 3. Definition of contrast “K" Note 4. Definition of optical response 
K = Brightness of non-selected segment (B, ) 
Brightness of selected segment (B, ) Whe pete 
! prams | | canara || cpa | | 
Brightness curve for selected segment |e la | cones | [ae 
= Brightness curve for Non-selected state |“ “-—----- = 
s non-selected segment ; 
Ss “4 : <— 
| \E “™ 
3) c ) 
5 = = 
“tb ~ w 
5 fa a Dae eT 
sees iat Rise time Fall time 
Setpoint driving voltage 
Note 5. Applied models Note 7. Typical viewing angle of following models is 20°. 
LMO054 * LMO20L * LM038 * H2570 * LM015 * LM027 * H2571 * H2572 LM200 « LM213B « LM212 * LM240S 
LMOI6L * LMO32L * LM017L * LMO18L * LM041L * LM044L * LMO52L * LM568AF ; 
LMO7OL * LMOGOL * LM075L * LMO68L * LMO74L * LMO61L Note 8. Applied models 
LM213XB « LM211XB « LM266XP * LM238XB * LM215XB * LM224XB « LM258X 
Note 6. Applied models LM254X * LM280X « LM282XP * LM246X * LM225X ¢ LM236XB « LM250X 
H2525 ¢ LM200 « LM021 * LM213B * LM212 LM252X * LM585X * LM221XB « LM551XT 
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SECTION 2 


GENERAL SPECIFICATIONS 


| LOT MARK 


(1) Lot mark 
Lot number of Hitachi LCD module is shown by four 
digit number as follows. 
(Note 


, 
t 
' 


Year mark Month mark Week mark 


(2) Location of lot mark 
Indicated on the printed circuit board as below. 


Ex.: [5051 


APPEARANCE STANDARD 


(1) Appearance inspection conditions 
Visual inspection under single 20W fluorescent lamp with 
eyes to LCD distance 25cm and lamp to LCD distance 
25 to 30 cm. 
Viewing angle should be smaller than 45. . 
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GENERAL SPECIFICATIONS 


(2) Appearance standard 


a 
i 


Average dia. D (mm) Max. number acceptable 
eo] 


Applied area 


Distinguished one is not acceptable. 
(To be judged by HITACHI limit sample) 


Length (mm) | Thickness (mm) | Max. number acceptable 


Average dia. D (mm) 


Display 


Stains, foreign materials 
Max. number acceptable 
D < 0.25 Ignore 
0.25 $ D < 0.35 


0.3538 D 


Those can be wiped out easily are acceptable. All 


; Distinguished one is not acceptable. 
Interference fringe (To be judged by HITACHI limit sample) spiny 


Non-display There should be none 


Chipped glass If it has nothing to do with function, ignore. Printed circuit board 


Average dia. D (mm) Max. number acceptable 


Dark spots 0< 0.1 Ignore Display 


0.1715$D<0.3 


Note: Definition of each area 


Printed circuit board 


Metal frame 


Display 
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STRUCTURE/PRINCIPLES 


STRUCTURE AND DRIVING PRINCIPLES OF LIQUID CRYSTAL DISPLAYS 


General 
A liquid crystal is an\intermediate phase between the liquid 
and solid states. Outwardly, it appears to be a liquid, but 
electrically and optically, it shows the properties of a crystal. 
Liquid crystals are used in liquid crystal displays. 


Types of Liquid Crystal Displays 


Polarizer 


An electric field moves the 
molecules of the liquid 
crystal from a twisted 
alignment to vertical OFF 


Voltage 


alignment. The display 
employs polarizer. 


This type is the most widely eee 
Z used at present. (white 
re (Detailed below) 
i Voltage 
0 0 ON 
Opaque (black) 
An electric field moves the a Voltage 
molecules of a liquid crystal Sof ofr 
containing dye molecules. >a-—o2 
This type has better viewing i 
angle properties than the TN 
% type, and a bright color D Colored 
£ display is possible. ve light 
po) 
(72) 
® 
3 
= caine Voltage 
| | 
010/10 °% 


Transparent 


Note: TN: Twisted Nematic 


Basic structure of a Liquid Crystal Display (TN type) 


Liquid crystal materials 


Front glass 


substrate Front polarizer 


Electrode 


/| 
UPI ISD PUL ST LP LAI ID LD PL IIS Th 


VV SL SST SS DL VALS IDS LL AI LIL DS LD 
EA Rr ee 
Reflector 


Seal 
Rear polarizer 


Rear glass substrate 


Fig. 1.1 Basic structure 
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Driving principle (TN type) 

A liquid crystal display could be described as an electronic 

shutter that is transparent when no voltage is applied but 

becomes opaque when the voltage is turned on (or vice 
versa). This effect is used to display numerals, characters, 
and other patterns. The principle of operation of a liquid 

crystal display is shown in Fig. 1.2. 

(1) The liquid crystal display is sandwiched between two 
polarizers, whose axes of polarization usually are crossed 
by 90°. 

(2) When there is no voltage, the molecules of the liquid 
crystal are aligned with a 90° twist, and rotate the plane 
of polarization of the light by 90°, as in Fig. 1.2 (a), so 
that the light passes through both polarizers. 

(3) When a voltage is applied, the molecules of the liquid 
crystal align perpendicular to the substrate, so that the 
light is cut off by the second polarizer, as in Fig. 1.2 (b). 


(a) (b) 
Voltage off Voltage on 


Natural incident light 


Front polarizer 


Front glass substrate 
(electrode) 


Rear glass substrate 
(electrode) 


Rear polarizer 


Light passes Light can not pass 


Bright (white) Dark (black) 


Liquid crystal 


molecules 
(twisted 90°C) 


Fig. 1.2 Principle of operation 
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RELIABILITY OF LCD 


Inspection procedure for LCD 


rn ne oo ee en nner nt ena DOAN erin een AN CN ep, RAR Se NR a NN ferent A een anemererneritnt henyeetnnntinpubs Nth 


Process Inspection items 


Outside vendors 
Materials acceptance test 


Conductive glass 


Electrode patterning oats 
Silica under coating 


Pinhole, peeling and cracks 


———— Size, chips and cracks 
Assembling ae 


M 


Sealing width 


Filling and sealing 


Polarizer attaching 
Screening inspection 


Electro-optical inspection 
Visual inspection 
Characteristic test 


Environmental test 
Life test 


Note 1: Daily sampling 
| . MIL-STD-105D 

~ AQL 2.5% or less, Level II 
Note 2: Daily sampling 


Monthly sampling etc. 


SECTION 2 
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RELIABILITY DATA 


Reliability test data of LCM (Standard temperature range type) 


3 High temperature operating 50°C normal operating drive 
Temperature cycle operating 0°C 2h, 50°C 6 h cycles, normal operating drive 


Time 


500 h 


1000 h 


500 h 


70°C 0.5 h, -20°C 0.5 h 24 cycles 
10 ~50 Hz, 1G, 51 ~ 300Hz, 0.5G X, Y, Z normal operating drive 1 h each 


Shock 50G 15ms + X, Y,Z 1 time each 


10 viet Sunshine weathermeter 43°C 60 h 


Note: Module must be stored in non dew condition under testing. 


100 h 


1 h each 


= 
< 
o 
4 


Reliability test data of LCM (Wide temperature range type) 


Condition Time 


High temperature operating 70°C normal operating drive 500 h 


Temperature cycle operating —10°C 2h, 70°C 6 h cycles, normal operating drive 
High temperature storage 80°C 


1000 h 


oe) 


500 h 


High temp. and humidity storage 55°C 95% RH (Note) 


Vibration operating 10 ~50 Hz, 1G, 51 ~ 300Hz, 0.5G X, Y, Z normal operating drive 


10 UV test Sunshine weathermeter 43°C 60 h 


250 h 


1 h each 


ae 


1 h each 


1 time each 


Note: Module must be stored in non dew condition under testing. 


Note: ‘X’ type LCMs not applicable to above tables. 


NO 
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Resulés of reliability tests 
Tables 5.1 and 5.2 show the results of reliability tests. The 
operating lifetime test and several of the other tests will be 
analyzed below to provide a full description of the reliability of 


the liquid crystal display. 


Table 5.1 Results of lifetime and environmental tests of Hitachi liquid crystal displays 


1. High-temperature Yes 60°C, 5V, 32Hz = 7,000 h | 0 
lifetime 30°C, 12V, 32Hz 7,000 h | 40 | 
= ace ers apne — 2 SS ee 
2. Exposure to high | No | 70 C, 95% RH 100 h 360 “ 
temperature and | 5 eta ‘anaes 0 2 
humidity Yes | 40°C, 95% RH 1,000 h 90 O 
nn i ne cre nr ecm ene mneenpne e Se eet ttte te te oe nen ene nt eee eet Yrs etnies ener ne ee be 
rf 
| Thr | Thr | 7) 
3. Temperature cycle No 60°C 30 cycles 90 0 
| —10°C 
= a Sa a oe eee 
6hrs 
4. Temperature & Thr | 
humidity cycle No 30 cycles 90 0 
70°C | 
i —25°C 95%RH | 
5. Exposure to high 
temperature 


6. Exposure to low 
temperature 


aoe eeertees ae 
| 25°C, 0.01 mmHg 


7. Low and high atms. Yes 
pressure 25°C, 2,280 mmHg 96 h 50 
8. Exposure to Yes Carbon arc 500 h 10 
ultraviolet light Outdoor exposure 3,000 h 10 
| 30°C, 55°C, 70°C Dry 5,000 h 30 
9. Polarizer & reflector Wie 70°C Dry 1,000 h 240 
reliability 95°C Dry | 100 h 240 
40°C, 50°C, 70°C, 90% RH 5,000 h 30 
Table 5.2 Results of mechanical tests of Hitachi liquid crystal displays 
: With polarizer a No. of units Failure rate 
Test items Awcuretlector? Test conditions Test time tested 
Warm water (+70°C) 
1. Immersion No Cold water (+15°C) 20 cycles 500 
2. Saltwater spray No MIL-STD-202DM 101C 96 h 50 0) 
3. Vibration Yes MIL-STD-202DM 201A 2h 50 0 
= 1,250 
4. Impact Yes Impact time: 0.5 ms : _ heoee 
aie o OG 
Loading speed: 1 mm/min w= 14.8 kg 
Note 1 = o= 0.6 kg 
: ic | Y ; 
5. Static load = Loading speed: 1 mm/min NOE? w= 19kg 
Note 2 o = 2 kg 
K = 360 cm 
o= 7Ocm 
6. Drop Yes u = 120 em 
o= 30cm 
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Note 1 Note 2 Note 3 Note 4 
Loading block 


| LC display LC display 


| a a 


Stationary stand / 
Se 


| Direction of fall 
Note 5 
uw: load that produces a cumulative 


failure rate of 50% Wooden board 
ao: standard deviation 


Operating lifetime 

As shown in Fig. 5.1, in a voltage-accelerated lifetime test 
(voltage = 100 VAC), the cumulative failure rate after 600 
hours was 10%, but at voltages of 12 VAC and 5 VAC 
(60°C), there were still no failures after 7,000 hours. The 
inferred relation between applied voltage and lifetime is 
shown in Fig. 5.2. For a typical practical voltage of 3.1 V, 
the lifetime is estimated to be in excess of 90,000 hours 
(10 years). A DC voltage lifetime test showed no failures 
after 3,000 hours (at 5 VDC). This test establishes the strong 
insulation qualities of Hitachi liquid crystal displays. 


--—o- DC voltage 


60°C 
90 30°C 
==8-. AC voltage 5VDC 
70 : 10VDC 10 units 
5 10 units (No failure) 
50 oc,40vDc] +» 
30 10 units at 30°C 30°C 
& 20 Fa 20VDC 12VAC 
a / 10 units : AO units 
- 10 Oo” 30 C, (No failure) 
c ; 10VAC 
= 5 / 10 units 
5 / - 
= 3 7 30°C 
nr ss 4 5VDC 
10 units 
1 (No failure) 
7 
0.5+ Life time: 
0.3 up to point of readily Calculator test if 
0.2 apparent alignment 500 units © 
a4 deterioration --- no failures / 
10 30 8650 100 300 500 ~~ 1,000 3,000 5,000 10,000 


Operating time (h) 


Fig. 5.1 Results of voltage-accelerated lifetime tests of Hitachi liquid crystal displays 
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a ee ee a ee ee 
100,000 + wi a a a saa ee aaa 
| 
| 
| 
| 
| 
| 
30,000 : \ Temperature: 30°C 
| \ Lifetime: up to point of readily 
: \ apparent alignment 
[ \ deterioration 
| ‘ \ 
; 4? 
\ - 
10,000 - \ 

- | ‘ . N 
= 4 \ > 
= [ | } \ ~ Q 
- a i is . u 
5 | | \ \ \ ” 
2 L , \ \ \- | AC voltage 
we | ) 

@ 3,000- | fy 
os | \ 
(qe) 
3 | \ 
€ | \ 
3 | \ 
ae |> f 
= lee 
5 1,000; te 
2 be 
e r cS 
rs) : > 
Q. Mm 
: ; ie 
O , e 
% | a Predicted 
E 3001 = cumulative 
Fe g failure 
= Oo rate = 10% 
oy bog 
r i 
,” Predicted 
cumulative 
: failure 
= Le) 
100 : rate = 1% 

a 

L | 

L | 

| 

[ | 

| 
| 


3 5 10 30 50 100 300 500 
Operating voltage (V) 
ee eae ee aa eee 


High temperature and humidity test or ti(iti‘éCSQC*«C 
Figure 5.3 shows the results of reliability tests under high Failure mode: oe a 
temperature and humidity. There were no failures after 100 ene nee acne 
hours at 70°C and 95% RH, and 10% failures after 250 50 er | eae 


hours. There were two failures modes: Character blurring BO Adee 
caused by segment widening, and loss of seal. At 40°C and “ 


up to point of 


: S Aa readily apparent 
95% RH there were no failures after 100 hours and only @ bree eae 
: : ‘ c / 
1% failures after 3,000 hours. The inferred relation between 2 ° SPER MAIO 
= 3 ’ tpetone 
| i i i | { F 90 units 
temperature and lifetime is shown in Fig. 5.4, According to ° 9 / ae Ra 
Fig. 5.4, at a normal temperature of 25 C and relative 1 710 s54ni 3 Ear / 
a? : : ee / f l 
humidity of 95%, a lifetime of more than 90,000 hours 05 Natsilure J eae toad. 
200 uni / 
(10 years) can be expected. oe P (No failures) 


/ 


ae Sennen | 
50 100 300 500° += 1,000 3,000 5,000 10,000 20,000 
Time (h) 


Fig. 5.3 Reliability under high temperature and humidity 


@ HITACHI 23 


30,000 


10,000 


3,000 


Predicted cumulative 

failure rate = 10% 
Predicted cumulative 
failure rate = 1% 


1,000 


500 


Lifetime corresponding to 10% failure rate (h) 
Standard temperature: 25°C 


300 


100 


50 


3 10 20 30 50 100 
Temperature (°C) (Rel. humidity: 95%) 


200 300 500 


Fig. 5.4 Dependence of lifetime on temperature under high 
humidity conditions 


Polarizer 
Figure 5.5 shows the changes in contrast that occur when 
the liquid crystal display is left exposed to high temperature, 
and Fig. 5.6 shows the similar changes that occur when high 
temperature is accompanied by high humidity. The results 
indicate that the polarizer can easily withstand high temper- 
ature, but is apt to experience deterioration of polarization 
under high humidity. At 40°C and 90% RH there are essen- 
tially no problems, but contrast is lost after 400 hours at 
50°C and 95% RH, and after 30 hours at 70°C and 95% RH. 
When a liquid crystal display is used in any device, it is 
therefore necessary to protect the polarizer against moisture. 


Polarizer (140 um) Support (50 um) x 2: cellulose triacetate, 
acrylic film 
Polarizing membrane (20 um) 
Adhesive (20um) (lodine applied to polyvinyl 
alcohol (PVA) film) 


Contrast ratio 


Mean 70 C Mean 55°C. No. of units tested 


30°C, 4500 h: 10 units 

55°C, 4500 h: 10 units 

70°C, 4500 h: 10 units 
ie 70°C, 1000 h: 250 units 
Limit of usefulness 95°C, 100h: 240 units 


meme ree mee meee nes ee eee ree mee ee cee mee me ee re mre eee eet me mc ne me te meee eee ee cee cee eters ee oe 


100 300 500 1,000 
Time (h) 


3,000 5,000 10,00 


Fig. 5.5 Lifetime of polarizer at high temperature 
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No. of units tested: 10 in each test 


© * 
8 9 
: \ 
<¢ 7 a 
3) 
: 70°C, 95% RH 
; 0 
i 
5 — 
Limit of usefulness 
3 5s. awn inte’ Nesialls amanoas,(obaes: : sasona= Sea” ac NA™ -venscoass Wage! ecage “Geatn: Geastin- stakes cst ppcm'= ca ey ete »> ees anes gaat Wise cae emote ean’? iach? “Somme aan erh'~casd" aaa! aide” cca eae Pin 


5 10 30 650 100 


300 500 1,000 3,000 5,000 10,000 
Time (h) 
Fig. 5.6 Lifetime of polarizer at high temperature and humidity 
Ultraviolet irradiation 
The results of ultraviolet irradiation tests by exposure to 
sunlight and to a carbon arc lamp are shown in Fig. 5.7, as 
increase in current drain with irradiation time. In both 
tests the increase is slight; the display shows extremely 
stable properties. Increased current drain shortens the life 
of the battery and leads to a rise in V.,,, but the initial 
current drain of Hitachi liquid crystal displays is so small 
that it can be increased several-fold without significant 
effect. 
Figure 5.8 compares the spectra of the carbon arc light and 
sunlight. The ultraviolet component, which would be ex- 
pected to harm the liquid crystal, is stronger in the carbon 
arc light. 


Limit of 
usefulness ~ LCD 


Sunlight 
23 Calcutater 


Outdoor exposure 
test 


Calculator 


Carbon arc 
lamp test 


[Outdoor exposure | 


Cc 
© 
je 
ne) 
~ 
c 
® 
we 
am 
> 
(S) 
Cc 
® 
ae 
Cc 


30 650 100 300 500 1,000 


Exposure time (h) 


3,000 5,000 


Fig. 5.7 Carbon arc lamp and outdoor exposure tests 


—— Spectrum of filtered carbon arc light 
---— Spectrum of sunlight 


Notes: 1. The carbon arc provides a good ultraviolet 
test because it has more energy in the 
ultraviolet region than sunlight. 

2. Energy is measured at a distance of 48 cm 
from the light source. 


7 er we oe 
—— 


Energy (mW/cm?/10nm) 


~~ 
~~ 
~ 


250 300 


Wavelength (nm) 


Fig. 5.8 The spectra of the carbon arc light and sunlight 


24 @ HITACHI 


RELIABILITY DATA 


RELIABILITY OF LCM 


Quality assurance system flow chart for LCM 


LCD Mfg. 
LCD cell 


| Sampling/Total inspection : 


Parts & material 


Material 
QA 
Parts & mat’l 
inspection 


OK 
Total inspection for 


LCD Module ass’ly ; assembling, soldering, . 
appearance and operation 


SECTION 2 


100% Screening by high/low 
temp. cycling 


Primary inspection 
LCM Mfg. (Operating) 


High temp. test 
Low temp. test 


Secondary 
inspection 


Characteristics test under 
Characteristics NGF High/Low temperature 
control test (Sampling test) 


LCM 
a 


a Function & NG sea 
appearance test 


Function check, 
Appearance check 
(Sampling test) 


I 
1 


Ge rep epee oe 


Lot quality confirmation 


| 


test, life test 


Shipping 


| Information on quality 
| (Customer's complaints 
field data 

other quality info., etc.) 
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1. Liquid crystal display 


LCD is composed of glass and polarizer. The following pre- 
Cautions are recommended when handling LCD's. 


(1) Please keep the temperature within the specified range 
for use and storage. Polarization degradation, bubble 
generation or polarizer peel-off may occur with high 
temperature and high humidity. 

(2) Do not touch, push or rub the exposed polarizers with 
any hard object. 

(3) PETROLEUM BENZIN is recommended for cleaning the 
surface of LCD’s. Front/rear polarizers and reflectors are 
made of organic substances and will be damaged by 
such chemicals as acetone, toluene, ethanol and isopro- 
pyl alcohol. 

(4) When the display surface becomes dusty, wipe gently 
with absorbent cotton or other soft material like cham- 
ois soaked in petroleum benzin. Do not scrub hard to 
avoid damaging the display surface. | 

(5) Wipe off water drops immediately. Contact with water 
over a long period of time may cause deformation or 
color fading. 

(6) Avoid contact with oils. 

(7) Condensation on the surface and contact terminals will 
damage, stain or dirty the polarizers. After products are 
tested at low temperatures they must be warmed upina 
container before coming in contact with room tempera- 
ture air. 

(8) Do not place anything on the display area to avoid leav- 
ing marks on. 

(9) Do not touch the display area with bare hands. This will 
stain the display area and degradate insulation between 
terminals. (Some cosmetics are detrimental to the polar- 
izers). 

(10) As glass is fragile, it may crack or chip during handling 
especially on the edges. Please avoid dropping or jar- 
ring. 


2. Liquid crystal display module 
Installing LCD module 


The hole in the printed circuit board is used to fix LCM as 
shown in the picture below. Follow these rules when install- 
ing the LCM. 


(1) Cover the surface with a transparent protective plate to 
protect the LCD. 


Protective plate 


Fitting plate 


(2) When assembling the LCM into other equipment, the 
spacer to be fit between the LCM and the fitting plate 
should have enough height to avoid causing any stress 
to the module surface. Refer to the individual specifica- 
tions for measurements. The measurement tolerance 
should be +0.1 mm. 


Precaution for handling LCD modules 


Since LCM has been assembled and adjusted with a high 
degree of precision, avoid applying excessive shocks to the 
module or making any alterations or modifications to it. 


(1) Do not alter, modify or change the shape of the tab on 
the metal frame. 

(2) Do not make extra holes on the printed circuit board, 
modify its shape or change the positions of components 
to be attached. 

(3) Do not damage or modify the pattern wiring on the 
printed circuit board. 

(4) Absolutely do not modify the zebra rubber strip (con- 
ductive rubber) or touch it with another object. 

(5) Except for soldering the interface, do not make any al- 
terations or modifications with a soldering iron. 

(6) Do not drop, bend or twist LCM. 


Electro-static discharge control 


Since this module uses a CMOS LSI, the same careful atten- 
tion should be paid to electrostatic discharge as for an ordi- 
nary CMOS IC. 


(1) Make certain that you are grounded when handling 
LCM. 

(2) Before removing LCM from its packing case or incorpo- 
rating it into a set, be sure that the module and your 
body have the same electric potential. 

(3) When soldering the terminal of LCM, make certain that 
the AC power source for the soldering iron does not 
leak. 

(4) When using an electric screwdriver to attach LCM, the 
screwdriver should be of ground potentiality to minimize 
as much as possible any transmission of electromag- 
netic waves produced by sparks coming from the com- 
mutator of the motor. 

(5) As far as possible make the electric potential of your 
work clothes and that of the work bench the ground 
potential. 

(6) To reduce the generation of static electricity, be careful 
that the air in the work is not too dry. (A relative humidity 
of 50% ~ 60% is recommended.) 
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Precaution for soldering to the LCM 


(1) Observe the following when soldering lead wire, connec- 
tor cable, etc., to the LCM. 
@ Soldering iron temperature: 
@ Soldering time: 3 ~ 4 sec. 


@ Solder: eutectic solder 
If soldering flux is used, be sure to remove any remaining 


flux after finishing the soldering operation. (This does 
not apply in the case of a non-halogen type of flux.) It 
is recommended that you protect the LCD surface with 
a cover during soldering to prevent any damage due to 
flux spatters. 

(2) When soldering the electroluminescent panel and PC 
board, the panel and board should not be detached more 
than three times. This maximum number is determined 
by the temperature and time conditions mentioned 
above, though there may be some variance depending 
on the temperature of the soldering iron. 

(3) When removing the electroluminescent panel from the 
PC board, be sure that the solder has completely melted 
first. If you try to pull the components apart before 
the solder is completely melted, the soldered pad on the 
PC board could be damaged. 


280°C +10°C 


3. Precautions for operation 


(1) Viewing angle varies with the change of liquid crystal 
driving voltage (Vo) 

Adjust Vo to show the best contrast. 

(2) Driving an LCD in the voltage above the limit shortens 
its life. 

(3) Response time is greatly delayed at temperatures below 
the operating temperature range. The display area be- 
comes dark blue at temperatures above this range. 
However, this does not mean the LCD will be damaged. 
It will recover when it returns to the specified tempera- 
ture range. 

(4) If the display area is pushed hard during operation, the 
display will become abnormal. However, it will return 
to normal if it is turned off and then back on. 

(5) Condensation on terminals can cause an electrochemical 
reaction disrupting the terminal circuit. 

Therefore, it must be used under the relative condition 
of 40°C, 50% RH. 

(6) When turning on power, input each signal after the 
positive/negative voltage becomes stable. 


1.5usmin, 


Positive “ama /' 
GND ! 


i, Omin, 50ms max. (X-type) 
GND 


(Negative voltage) | 
7 Omin , 50ms max. (X-type) 
(Signal ) 


4. Storage 


When storing LCDs as spares for some years, the following 
precautions are necessary: 

(1) Store them in a sealed polyethylene bag. 
sealed, there’s no need for dessicant. 

(2) Store them in a dark place; do not expose to sunlight or 
fluorescent light. Keep the temperature between 0°C 
and 35°C. 

(3) The polarizer surface should not come in contact with 
any other object. (We advise you to store them in the 
container in which they were shipped). 

(4) Environmental conditions 

(a) Humidity 
Observe the following conditions both in storage and 
in operation. 
(i) Number of dots: Under 128 x 240 
Ta< 40°C... 95% RH or less 
Ta 2 40°C ... Below maximum absolute humi- 
dity of 40°C 95% RH 
(ii) Number of dots: 128 x 240 or over 
Ta<40°C.... 85% RH or less 
Ta 2 40°C.... Below maximum absolute humi- 
dity of 40°C 85% RH 
(b) Exposure to high humidity and temperature 
(i) Do not leave them for more than 168 hrs. at 40°C 
95% RH (When number of dots is 128 x 240 or 
OVGl sete s gag es Sree 40°C 85% RH) 
(ii) Do not leave them for more than 168 hrs. at 60°C. 
(iii) As for X-type LCM, should not be left for more 
than 48 hrs. at —20°C. 
Note: Ta = ambient temperature 


If properly 
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5. 


(1) 


(2) 


(3) 


How to handle the electroluminescent pane! 


(For transflective type LCM) 


Selection of electroluminescent panel 


The electroluminescent panel is inserted between the 
liquid crystal display (LCD) and printed circuit board of 
a liquid crystal module (LCM). Therefore, it is essential 
to select an electroluminescent panel that is insulated on 
both the PC board side and the LCD side. 

It is especially important to make sure that the electro- 
luminescent panel. is insulated on the PC board side, as 
the wiring of the through-hole portion is exposed. 

It is recommended that you use an electroluminescent 
panel with insulated ends as shown in the diagram below. 
If the ends of the electroluminescent panel are exposed, 
a short might occur with the liquid crystal module, 
resulting in damage to the module. 


Electroluminescent panel 


Insulation 


Fig. 1 Cross section of electroluminescent panel 
(Model not drawn to scale) 


Select the electroluminescent panel that is the right size 
for each liquid crystal module. There is a recommended 
size for each standard Hitachi liquid crystal module. 
Information on panel sizes is available upon request. 


Installing the electroluminescent panel 


(1) Across section of the LCM construction is illustrated in 


30 


Fig. 2. The gaps at either end through which the electro- 
luminescent panel is inserted are made of conductive 
rubber (interconnectors). | 

When inserting the electroluminescent panel, be espe- 
cially careful not to move the conductive rubber. Do 
not push the rubber with the edge of the panel, as the 
rubber might be moved from its proper position. This 
could damage the connection between the LCD and 
the PC board, resulting in a display failure. 


Metal frame 


and PC board) 


Driver circuit 


Zebra rubber strip 
(conductive rubber) 


Fig. 2 Cross section of a liquid crystal module 


(supports the LCD 


(2) Since high voltage is applied to the feeder terminal! of 


(3) 


(4) 


the electroluminescent panel, be careful to install the 
panel such that the feeder terminal does not touch the 
front panel or the PC board. 
comparison with that applied to the C-MOS drive circuit 
used in the liquid crystal module.) 


(The voltage is high in 


If the feeder terminal is touching the front panel or PC 


board when the lighting voltage is applied to the panel, 
the drive circuit and LCD will fail. 
possibility that other circuits (e.g. controller on the set 
side, MPU, etc.) may be adversely affected by the pas- 
sage of voltage through the interface. 


There is also the 


Install the electroluminescent panel such that the lumin- 


ous part coincides with the window frame (effective 
display area) of the LCM front panel. 

The distance between the window frame of the front 
panel and the conductive rubber (dimension a in Fig. 2) 
varies with each liquid crystal module, but an average is 
about 2.0 mm. 

When determining the position where the electro- 


luminescent panel is to be installed, be careful not to 
move the conductive rubber with the panel. 


Observe the following standards when soldering the elec- 
troluminescent panel to the PC boards. 

@ Soldering iron temperature: 
@ Soldering time: 

@ Solder: 


280°C +10°C 

3 ~ 4 sec. 

eutectic solder 

If soldering flux is used, be sure to remove any re- 
maining flux after finishing the soldering operation. 
(This does not apply in the case of a non-halogen type 
of flux.) It is recommended that you protect the LCD 
surface with a cover during soldering to prevent any 
damage due to flux spatters. 

When soldering the electroluminescent panel and PC 
board, the panel and board should not be detached 
more than three times. This maximum number is deter- 
mined by the temperature and time conditions men- 


tioned above, though there may be some variance de- 


pending on the temperature of the soldering gun. 

When removing the electroluminescent panel from the 
PC board, be sure that the solder has completely melted 
first. If you try to pull the components apart before the 
solder is completely melted, the soldered pad on the PC 
board could be damaged. 


5.3 Drive circuit of electroluminescent panel 


(1) The luminance and life time of an electroluminescent 


panel vary depending on the drive voltage and frequency. 
Therefore, it is recommended that you select the drive 
Circuit suggested by the electroluminescent panel manu- 
facturer. Using the recommended product will assure 
the optimum brightness and working life of the electro- 
luminescent panel. 
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FORMATION OF LIQUID CRYSTAL 


| “Liquid | ae 
No. crystal Description 


Oral dosage | Inhalation 
(LD50 Value) toxicity 


Bae ude : eceasres Semin | 
1. | HFK-110 Mixture of 1.0 ml/kg No effects 
Schiff base type (mouse) (mouse) 
RO (0) CH=N @) Ro = eae 
2. | LIXON 6302 | Mixture of <10 ml/kg 
Schiff base type (mouse) 
RO (©) CHEN ©) R’ 
3. | LIXON 7102 | Mixture of | <10 mi/kg 
Schiff base type (mouse) 
RO ©) CH=N© CN 
ee Sa oe mee = 
4. |GR-2 Mixture of <10 ml/kg 
biphenyl type (mouse) 
R (0) = (YON 
5. | RO-TN-100 Mixture of <8.0 g/kg 
ester type (mouse) 
al | R ©) COO ©) CN 
6. | RO-TN-200 Mixture of ~1.1 g/kg (being 
Schiff base type (mouse) planned by 
R ~) CH=N ©) CN Hoffman) 
7. |K15 C,H, ©) -@CN 4.1 g/kg 
(rat) 
+ SSS 
8. | K21 C,H,, ©-@CN 1.6 g/kg 
(rat) 
9. | M15 C,H,O@-@CN | <1.6Qg/kg 
(rat) 
10. | M21 C,H,,O@-@CN | <20.0Q9/kg 
| (rat) 
11. |M24 C,H,,O©-@CN | 16.0g/kg 
(rat) 
Mixture of 
bipheny! type 
R ()- ©) CN 
13. Mixture of 1.2 g/kg 
pyrimidine type (rat, Mouse) 
N 
R ey . ©) -CN 


Note 1) Animals in parentheses were used in the experiment. Note 2) No data for blank columns. 


Safety 

(1) It is recommended to crush damaged or unnecessary LCD’s into 
pieces and wash off liquid crystal by using solvents such as ace- 
tone and ethanol, which should be burned up later. 

(2) If any liquid leaks out of a damaged glass cell and comes in 
contact with your hands, please wash it off well with soap and 
water. 

(3) Concerning LC material (reference)—mice, rats, rabbits, and 
guinea pigs are normally used as human substitutes in experi- 
ments using liquid crystal. The data sheet indicates that liquid 
crystal is not harmful to humans even if mistakenly eaten. 


EXPLANATIONS ON ABOVE DATA CHART 
The data sheet shows what can happen to animals that are fed typical 
liquid crystal materials. Among the samples, Nos. 1 to 4 and No. 6 are 
rarely used for display purposes and should be used only as a refer- 
ence. 

The column for oral dosage (LD50 value) shows the effects on 
animals that have mistakenly eaten liquid crystal. 

LD50 is the value that can kill 50% of those being dosed by grams 
per 1 kg weight. The value differs for each animal and can not be 
directly applied to humans. This data can be used as a guide. 


Sie tntanone Allergic Malformation Data | 
reaction possibility source 
No effects (mouse) Did not occur Hitachi 
(mouse) 
Nasetitesl thal toh lear, A neta Mahe afi: eee oe <4 
Scabs and blood clots Chisso 
noted but disappeared Corpo- 
after dosing was ration 
stopped (rabbit) 
— —_—_——_—_—— 
Small blood clots Chisso 
noted but disappeared Corpo- 
after dosing was ration 
stopped (rabbit) 
Small blood clots and Chisso 
scabs noted but dis- Corpo- 
appeared after dosing ration 
was stopped (rabbit) 
PSB sicias | _ a ont eens 
Hoffman 
= : ee a4 Soon? a | 
No effects Did not occur Hoffman 
(guinea pig) (guinea pig) 
| es ae re 
No effects (rabbit) BDH 
Small red spots | Note 3 BDH 
of one rabbit out of 
10 
No effects (rabbit) BDH 
No effects (rabbit) BDH 
No effects (rabbit) BDH 
No effects BDH 


Note 3) Eye irritations are being checked. No effects have been noted. 


Values in this data, 1.6 g ~ 20 g/kg, are equivalent to the LD50 
value of organic solvents (ethyl alcohol and acetone) generally used. 
Using the smallest data sheet value (No. 8, 9 LD50 = 1.6 g/kg) and 
assuming that a child weighing 10 kg at the liquid crystal, the result 
will be: 
LD50 1.6 g/kg (rat) 16 g/10 kg (child) 


This means that eating 16 g at one time will kill 50% of the children 
eating the liquid crystal. 

The quantity of liquid crystal contained in one LCD (LR238-C, 
260 x 130mm) is about 200 mg. When the LCD breaks down, most of 
it adheres to the glass surface because of surface tension and does 
not flow out. ; 

Possibility of flowing out into the mouth when the broken LCD is put 
in the mouth is less than 1/100 of the total quantity. this means that the 
amount entering the mouth is: 200 mg max. x 1/100 = 2 mg. 

The 2 mg is about 1/8000 of 16 g/10 kg of LD50 (dose for child) and 
has no effect on humans. 

No problems if the liquid crystal remaining on hands or fingers is 
washed off with soap. 
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ee 


A wide range of graphic modules are available, and 
are all characterized by low power consumption, 
high contrast and wide viewing angle. 


@ Attachable controller LSI 
(HD61830 - HD61830B) 


@® Control circuit board 
(CB1020R * CB1026R * CB1030R * CB1040R - 
CB1055R * CB1056R - CB1057R » CB1058R) 


64 x 256 w/Controller 
64 x 256 w/Controller 
64 x 480 

100 x 640 

128 x 128 

128 x 240 

128 x 240 w/Controller 

128 x 240 (Serial) 

128 x 480 (4 Bit) 

128 x 480 (4 Bit) 

200 x 640 (Serial) 

200 x 640 (4 Bit) 


in order to improve the contrast and viewing angle 
of the large graphics panels, a new L.C.D. effect 
has been introduced called X-type. It offers a 50% 
improvement in display visibility compared to the 
traditional grey L.C.D. The display concerned has 
an X or S suffix after the part number (e.g., 
LM240S, LM225X). 


Please note, however, that the display has a differ- 
ent background color from the normal grey-type. 
The S-type display has a yellowish grey back- 
ground coloration while the X-type has a yellow- 
green background. Also there will be a slight color 
change with temperature, thereby limiting the tem- 
perature range of the device. (Please refer to the 
data sheets.) 
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SECTION 4 


_ CONTROLLER LSI HD61830-HD61830B 


@ Graphic LCD Module Controller LSI 


HM Applied types: (1) H2525 - LM021 - LM212 - LM200 - LM211XB - LM221XB - LM215XB (HD61830 is to be used) 
(2) LM224XB - LM225X (HD61830B is to be used) 
(3) LM213B - LM213XB - LM238XB (HD61830 is built-in) 


The HD61830 is a dot matrix liquid crystal graphic display 
controller LSI that stores the display data sent from an 8-bit 
microcomputer in the external RAM to generate dot matrix 
liquid crystal driving signals. 

It is possible to select the graphic mode in which the 1-bit data 
of the external RAM corresponds to the ON/OFF state of 1 
dot on liquid crystal display and the character mode in which 
characters are displayed by storing character codes in the ex- 
ternal RAM and developing them into the dot patterns with 
the internal character generator ROM. Both modes can be 
provided for various applications. 

The HD61830 is produced in the CMOS process. Thus, the 
combination with a CMOS microcomputer can accomplish 
a liquid crystal display device with lower power consumption. 


Specifications: 


Display control capacity 
Graphic mode — 512k dots (2° bytes) 
Character mode — 4096 characters (2!* characters) 
Internal character generator ROM — 7360 bits 
Character fonts 5x 7 dots 160 types 
Character fonts 5x 10 dots 32 types 
(Can be extended to 4k byte max.) 
Interfaceable to 8-bit MPU 
Display duty (Can be selected by a program) 
Static to 1/128 duty selectable 
Various instruction functions 
Scroll, cursor ON/OFF, blink, character blink, screen clear, 
bit manipulation 
Display method — A or B types selectable 

(A or B: waveform) 
Internal oscillator (with external resistor and capacitor) 
Low power consumption 
Power supply: Single +5V 
CMOS process 
60-pin flat plastic package 


Total 192 types 


(Notes) HD61830B is a high speed and memory low power consumption version of HD61830. The difference between HD61830 and HD61830B are as follows: 


(1) Internal oscillation circuit 
(2) Additional memory control signals 
(3) Connection method in master/slave mode 


If you need detailed information, please refer to ‘‘Hitachi MOS LSI data book LCD driver LSI” or contact following office. 


Hitachi America Ltd. Semiconductor & Integrated Circuit Divsion 
2210 O’ Toole Avenue, San Jose, CA 95131, Telephone: (408) 435-8300 
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CONTROL LSI! HD61830/HD61830B 


Internal Character Generator Patterns and Character Codes 


Eee 
ee 0010 |0011/0100/ 0101 |0110/0111 {1010 | 1012/1100) 1101 {/1110/1111 
aa oes res 


xxxx0001 


xxxx0010 
xxxx0011 


xxxx0200 


xxxx0101 


xxxx0110 , . ao | osese 


Basa sagen 
] i | a a @ 
© aus { + 8 H weeee 
xxxx0 ] 1 ] ; aes’ | *,"n° H 
ue e ale i a 
e 8 a t | 6 seaan 
| a | i S am a a es eS 
esa a ee s a 6 @ a 
ase a aie aia a a a 
xxxx1001 ele) TRE Binh 
xxxx1010 ee) 2 per Traps 


xxxxl01] 


xXxXxX1100 


xXxxxXl1l1ll aca PEI ee ecieas) 
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CONTROL LS! HD61830/HD61830B 


EXAMPLE OF CONFIGURATION 
@ Graphic Mode 


Liquid crystal 


@ Character Mode (1) (Internal Character Generator) 


Liquid crystal 
display module 


@ Character Mode (2) (External Character Generator) 


Liquid crystal 
display module 


@ Parallel Operation 


(Master) 
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>» RAMI) 
HM6116 


RAM (2) 
HM6116 


OE 


(9xg UO Ja}2eIeYD ‘DD [eusa1xy ‘apo 19398484) NOILWOIIddV 
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CONTROL LSI HD61830/HD61830B 


APPLICATION (Graphic Mode) 


HO 44100H 
Ai 
aan 
San 
G2 
ik 

ee 


Lee eS Se SS ee ee eens oe comme 


x x 
J Oo 
SE cd) ee) Oe 
a i ee 2 A SS ae me ee 
oO ee Ee 2 ee Oe es ES ae oe < Re 5 
Ir aie ee 2 = oer 
oe | case nel % 
i ares 
-~ | & al bes 
(| are Slece 
— ° 03 & 
be RS oe oe | 
aay 
HOOlby GH oa 
a a ae 
31s 
2 oo md 
ols oy > e 
J] oo) = | 
a = oO w 8 naar 
oO oOo; ES > re 


16K bits 


M 
0) 
r- 
Ore 
om Oo 
CO 
o ¢ 
Xe) 
A Oo 
mov 


(2) 
Oo 


E 
RS R/W 


OByo_, 
RES 


HD 6800 
MPU 
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CB1020R, CB1026R, CB1030R, CB1040R 
CONTROL CIRCUIT BOARD CB1055R, CB1056R, CB1057R, CB1058R 


@ BUILT-INCONTROLLER LSI HD61830/HD61830B 

M@ Applied models: Control circuit board can be applied to following models. 
CB1020R"/CB1055R®: LM021 H2525 LM200 LM258X 
CB1026R/CB1056R®: LM021 H2525 LM200 LM211XB LM212 LM221XB 
CB1030R/CB1057R®: LM215XB 
CB1040R”/CB1058R®: LM225X 


CB1020R, CB1026R, CB1030R and CB1040R (mounted 
with controller LS] HD61830 or HD61830B and a socket for 
the refresh memory) are control circuit boards for graphic 
display modules. 

They allow direct connection to the MPU’s bus line. The Ba | ; mn = 
HD61830 controls signal generation and data conversion re- — Seat) | ee, =, tilltiiitit : 
quired for a liquid crystal display (LCD) moudle. This simpli- : + 
fies the graphic display system. These control circuit boards Prrverrriye : en, eee 
operate in graphic and character mode. In graphic mode, re- DON posoccconoogccdcuneg gagenc 
fresh memory contents are displayed on the LCD to allow 
display of figures, graphs and pictures. 

In character mode, the 8-bit parallel code for each character is 
converted to the corresponding dot pattern by the character 
generator in the control circuit boards and displayed on the 
LCD. The built-in character generator converts 192 charac- 
ters including 160 characters and 32 special pattern charac- 
ters. An additional character generator for character patterns 
required by the user can also be mounted. 


Controller (Built-in) 
Dimensions (nA 


LCD module to LM021, H2525 wee hse 
be driven LM200, LM258X 


LM212, LM258X 
Controller (Built-in) 


LCD module to LM215XB LM225X 
Notes 


be driven 

(1) Since IC socket is used in these models for the purpose of circuit 
experiment, etc., do not use them where any vibration or shock 
might occur. Otherwise the connection between IC socket and IC 
will be loose which leads to poor connection, 
Please consult us when using control circuit board to these pro- 
ducts. 

(2) These are models without IC socket. 
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H2525 


m 239dot (W) x 20 dot (H) graphic and alpha-numeric display 
m Attachable controller LS!: HD61830 (see section 6). 


MECHANICAL DATA (Nominal dimensions) 


Module size ........... 220W x 53H x 15T (max.) mm 
Effective display area ............. 163W x 17H mm 
Number of dots ..............0.4. 239W x 20H dot 
DOPSIZ6r - 6 adie ue he elas ey we 0.55W x 0.55H mm 
Dot pieh. 2423 «hw dS ses 0.65W x 0.65H mm 
Weight ....... eee eee Te Se ee ere ae about 100g 


ABSOLUTE MAXIMUM RATINGS. 


Power supply for logic (Vop—Vss).......- 0 7.0V 
Power supply for LCD drive (Vpp —Vee)... O 13.5V 
Input voltage (Vj) ............0000. Vss VooV 
Operating temperature (Ta) ............ 0 50°C 
Storage temperature (Tstg)........... —20 60°C 


ELECTRICAL CHARACTRISTICS 
Ta=25°C, Vp p=5.0V£0.25V, Vee=—5.0V40.25V. 


Input “high” voltage (Vin). ........ 0.7 x VopV min. 

Input “low” voltage (Vip) .. 2.2.0... 0.3 kK Vo pV max. 
Clock frequency (feL_2)..........04. 210 kHz min. 
300 kHz typ. 

390 kHz max. 

Power supply current (Ipp) ....-...-..... 3mA typ. 

Ween)’ setacacds aly -hcaeeas eee’ 1 mA typ. 


(D1, D2 = GND, fe iz = 300 kHz) 
Power supply for LCD drive (Recommended) (Vo —V_e-) 


Duty = 1/20 

5 oak 0 i 6 ea en 5.5V typ 

Me aha es Se es, Tana 5.0V typ 

Ta=50 Ces scat noe ee es 4.0V typ 

OPTICAL (DATA -5 2. 6-30.4, 2a Gos ete aed a and See page 15 


Unit: mm 


155.25 239 dot 


ee |S |e e/a) ee 
CO) OOOOOOO 
tat LIEGE 
a. ODOUR 

OOUUOUODO 
Che SIEele 


Fig. 1 Display pattern 


INTERNAL PIN CONNECTION 


CL a_i 


The FLM single indicates the begining 
of each display cycle, 


Control signal for a.c. driving 


The CL1 latches the serial data in the _ 
shift registers. 


H/L Serial r row data. _ 


Ca be eo 
6 Voplt5V) Power supply for logic circuit 

7 Nefewo) = 

eae = Power aadall for LC ne 


Unit: mm 


. * IC height 
Fig. 2 External dimensions 
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(-5V;  Vo-VeR: LCD driving voltage 
VR: 10kK2~20k2 
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Fig. 4 Power supply 


TIMING CHARACTERISTICS 


Clock frequency 


Clock pulse width 
(High level) 


Clock pulse width 
(Low level) 


Clock set up time 


Data set up time 


FLM set up time 


M delay time ns (Note 2) 
FLM hold time ms 


Data hold time 


Notes 1. Optimum frequency for the highest contrast depends on the type of module. 
2. Timing of M signal to CL1may be in the range of + 1000ns. 
3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz + 2 Hz or 60 Hz +2 Hz) to prevent LCD flicker. 
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Vin Vin Vin : 0.7X Vop 
Vit: 0.3X Vop 
Cll 
tCcwH 
. Fe | P . 
tFsu 
FLM 
LDM 
Vin 
: ) 
Vit 


Vin Vin 
CL2 
. | Vit Vit Vit 
Vin Vin 
Dl } 
Vix ViL 
Fig. 5 Interface timing (data write) 


0.63msST3$1.25ms 


CL | | ee ee EL EE ee 
| | T/240 
* 

Oia IN O&O = N Nie [IN om 

an N [> pl J > 

> o~ 

X 20 X 1 X 2 

FLM 
FLM 
M 


*; Data on Y240 is not indicated. 


Fig. 6 Interface timing (data read) 
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m 479 dot (W) x 24 dot (H) graphic and alpha-numeric display 
mw Attachable controller LS!: HD61830 (see section 6). 


MECHANICAL DATA (Nominal dimensions) 
Module size ......... 290W x 60H x 13T (max.) mm 
Effective display area ............. 245W x 19H mm 
Number of dots ..............04. 479W x 24H dot 
DOU SIZ0..0. 6 bee ee Ewen 0.43W x 0.55H mm 
VUOUDIICH 24456 34 bg 4 oa BOAR See 0.48W x 0.6H mm 
WVCIQI TG ous s eee a hia bok eye ood a eee about 150g 


ABSOLUTE MAXIMUM RATINGS 


min max, 
Power supply for logic (Vpp —Vss) ...... 0 7.0V 
Power supply for LCD drive (Vpp —Vegr)... O 13.5V 
Input voltage (V;).............004. Vss VpopV 
Operating temperature (Ta) ............ @) 50°C 
Storage temperature (Tstg)........... —20 60°C 


ELECTRICAL CHARACTRISTICS 
Ta=25 C, Vo p=5.0V+0.25V, Vee =—5.0V+0.25V 
Input “high” voltage (Vi4)......... 0.7 x Vop5V min. 
Input “low” voltage (Vj, ) ......... 0.3 x Vop5V max. 


Clock frequency (fepo)............. 230 kHz min. 
350 kHz typ. 

460 kHz max. 

Power supply current (Ipg) .............. 4mA typ. 
ED) aes ee hs ee 2mA typ 


(D1 ; D2 =GND, foro = 350 kHz) 
Power supply for LCD drive (Recommended) (Vo—Ve_¢g) 


Duty = 1/24 
T4206 os ont. eh See ne et 6.0 V typ 
Ma 20 Ce he doh se eR 5.4 V typ 
Ta=50°C 44V typ 


Fig. 2 External dimensions 


INTERNAL PIN CONNECTION 


FLM H 


2 wae 


Function 


The FLM signal indicates the beginning 
of each display cycle. 


CLI H—>_ | The CL1 latches the serial data in the 
shift registers. 


20487 479dor 


——— COOOO 
OOOOO0 
OOOOOO 
OOUOU0 
OOOOUO 

2 eae.2 Ee 


Fig. 1 Display pattern 


4.0max.* 


* Parts height 
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LM021 


° 

Zz 

a} ~——— 
nr 

a = 8 

> = 1S 


Note: Y480 is a dummy line. 
Fig. 3 Correspondence of display with data 


Note: IC1~1C14 : HD44100 


= . | ~ = 
DROQOSCRCRCUECRCECECECEC 
Ic IC i Ic Ic Ic Ic | Ic IC Ic IC IC 
igs (me ge ge (ge ith ime ige ih ih im? ih 

ee ES ESE ES eco LE TESS LES TE = == 
ee Pn oO os ee ee 


Fig. 4 Block diagram 


| (-5V) Wo-Ver: LCD driving voltage 
Fig. 5 Power supply MEADE ZOO 


TIMING CHARACTERISTICS 


kHz (Note 1) 


Clock pulse width 
(Low level) 


Optimum frequency for the highest contrast depends on the type of module. 


2. Timing of M signal to CL1may be in the range of + 1000ns. 
3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz +2 Hz or 60 Hz +2 Hz) to prevent LCD flicker. 


Notes 1. 
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LM021 


Vix Vin Vin: O.7X Vop 
Vint 0.3% Vop 


CLI tcwH 


{KH 


FLM 


Vix Viv 
Di 4 , 
Vee em 
be Te th 


Fig. 6 Interface timing (data write) 


0.52msSTS1.04ms 
Cli ee | ee ee 
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SoS 
sig cg ivi sation “7 <r 
D] ct) as aed Bes x AI We, — ™y Saye 
~ ‘ 
X 24 X 1 KX? 
NN eh * au 
D2 S me a; a “T = am ™) 
aa oo Pa a a a = x [oO 
>| > > _ aan ad ; 
X 24 X 1 Ne 
FLM 
FLM 
M 
24xT 


*: Data on Y480 is not indicated. 


Fig. 7 Interface timing (data reed) 
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@ 640 dot(W) x 48 dot(H) graphic and alpha-numeric display 


m Attachable controller LSI: HD61830 (see section 6). 


MECHANICAL DATA (Nominal dimensions) 


Module size ......... 270W x 63H x 13.8T (max.) mm 
Effective display area ............. 241W x 25H mm 
Number of dots ..........2.00000. 640W x 48H dot 
DOU SIZ@> s-s:¢ 0 oe ee ie EG nes och ees 0.32W x 0.38H mm 
DOCOMCN: oh.60 see a Bie dar Races 0.37W x 0.43H mm 
WIG. -i.hy. aido-a te arin oad ot as RE about 175g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp—Vss) ........ 0 65V 
Power supply for LCD drive (Vpp—Veg) .... O 15.0 V 
Input voltage (Vi)... ......... 00008, Vss Vpp V 
Operating temperature (Ta) ............. 0 40°C 
Storage temperature (Tstg)............ —20 60°C 


ELECTRICAL CHARACTERISTICS 


OPTICAL. DATA. «einen se eae iwen es See page 15. 


INTERNAL PIN CONNECTION 


Symbol | Level | = Function =— 
[D1 | H/L _| Serial row data (left half) 


FLM The FLM signal indicates the begin- 
ning of each display cycle 
a ee Control signal for AC driving 
ps [ar feel 
Clock signal for shifting the serial 
Pp 5 | az | noe 
| 9 Mee 
| 10 | Vo 


7 


Power supply for LC driving 
Operating voltage for LC driving 


H/L 
H/L i 
Ho The CL1 latches the serial data in the 
shift registers 
Serial row data (right half) 
Vpp(t5V fo | Power supply for logic circuit 
| Vss | - | 


Nee-100 
vo 


Ta = 25°C, Vpp = 5.0V £0.25V, Veg = —9V (Veg is internally generated) 


Input “‘high’’ voltage (Vi). .........0.. 3.5 VppV 
Input ‘‘low” voltage (Vip) ...........6. O 1.5 V max. 
Clock frequency (fop2) ......-.-2 6. 1,075 kHz min. 


1,152 kHz typ. 
1,228 kHz max. 
Power supply current (Ipp)...........- 10 mA typ. 
(D,,D2 =GND, fer2 = 1,152 kHz) 
Power supply for LCD drive (Recommended) (Vpp — Vo) 


Duty = 1/48 
Tar 10 Cs i Se ak ee 12.5 V typ. 
Tas 00 C ieee ee eee eee 11.0 V typ. 
TAO Co i oe cha a ang: Satan ate 9.7 V typ. 


263.4+0.3 


§-~ O63.540.3 


131.0+0.3 
270.0+0.5 


Unit: mm 


4.0+0.5 


r{ [ (8.0% 
i 


131.0+0.3 


HIROSE 10P 
HIF3A—10D—2.54R 


Fig. 1 External dimension *Parts height 
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LM212 


Unit: mm 


236.75(640dots ) 


Fig. 2 Display pattern Fig. 3 Correspondence of display with data 


R: 30 ~ 50kQ 
VR: 20kQ 


Fig. 4 Power supply VLCD: Operating voltage for LC driving 
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CL1 R:Inverting voltage regulator 


FLM 


Di 


D2 


Fig. 5 Block diagram 
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Chi 


CL2 


D2 


FLM 


FLM 


LM212 


400nsmin 0.28mss T $0.42ms 


a | T /320 7 _ | 2 
Oe i 2 a 8 


200nsmin 300nsmin | 


lusmax. 
Qusmin. 800min. 
| 48T | 


Fig. 6 Interface timing 
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LM212 


TIMING CHARACTERISTICS 


item 


Notes 1. Optimum frequency for the highest contrast depends on the type of module. 
2. Timing of M signal to CLI may be in the range of + 1000ns. 
3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz +2 Hz or 60 Hz +2 Hz) to prevent LCD flicker. 
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Vin Vin 
Vit 7) 


Fig. 7 Interface timing 
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LM200 


= 240 dot (W) x 64 dot (H) graphic and alpha-numeric display 
m Attachable controller LS!: HD61830 (see section 6). 


MECHANICAL DATA (Nominal dimensions) 


Module size......... 180W x 75H x 13.8T (max.) mm 
Effective display area ...........64. 132W x 39H mm 
Number of dots ..........-022 000+ 240W x 64H dot 
Dotsize ..... eee eee eee ees 0.48W x 0.48H mm 


Dot pitch 
WEIGHT: acess. cnet a wae oe oO A oe ee oS about 150g 


ABSOLUTE MAXIMUM RATINGS 


Power supply for logic (Vpp —Vss) ...... 0 

Power supply for LCD drive (Vpp —Veg)... O 13.5V 
Input voltage (Vj)... 2.0.2.0... 00 ee ee Vss VooV 
Operating temperature (Ta) ............ 0 50°C 
Storage temperature (UStO) overs se Aces 4s —20 60°C 


ELECTRICAL CHARACTRISTICS 
Ta=25°C, Vp p=5.0V+0.25V, VeeE=—5.0V+0.25V 
Input “high” voltage (Vj4).......-. 0.7 x VopV min. 
Input “low” voltage (Vj, ) 0.3 x Vobp Vmax. 


Clock frequency (fe,o).....-2.0 2 ees 390 kHz min. 
460 kHz typ. 
520 kHz max. 

Power supply current (lop) ......-- 02 eee 5mA typ. 


(D1 2 D2 =GND, foL2 =460 kHz) 
Power supply for LCD drive (Recommended) (Vo —VeEe_E) 


Duty = 1/32 

ae) Ce San stint holo 8.1 V typ. 

a a © a 7.4V typ 

Ta=50°C occ ewe eeu uuueuan 6.5 V typ 

OPTICAL DATA ........ 2.0 cee we eee See page 15. 


_ Fig. 2 External dimension 


INTERNAL PIN CONNECTION 


The FLM signal indicates the beginning 
of each display cycle. 


cut | HL The CL1 latches the serial data in the 
shift registers. 


CL1 
CL2 Clock signal for shifting the serial data 


D2 H/L | Serial row data 
7 Mppl+5V) Power supply for logic circuit 


Ves(GND) Ground 


Pe cas cuall 

eee 

Veet 5Vi| — [Power supply for LC driving sd 
| 10 {| Vo | - | Operating voltage for LC driving 


Unit: mm 


127,15 (240dot ) 


mw ee eee 


Fig. 1 Display pattern 


Fig. 3 Correspondence of display with data 
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LM200 


HD44104 ~~ ee HD44104 
IC6 IC] 


peas SO you0 


HD44104 
1C7 


Fig. 4 Block diagram 


Vop 
am : 


Fig. 5 Power supply 


(-5V)  Vo-Veg: LCD driving voltage 
‘ VR: 10k2~20kQ 


TIMING CHARACTERISTICS 


a ee 
Clock frequency or eae 
8 


(High level) 


Clock pulse width 
tCWH 


00 

800 
Le a ee Se Ae aE 
i A ae ea 


Clock pulse width 


(Low level) 


[Flmwetuptine 


Notes 1. Optimum frequency for the highest contrast depends on the type of module. 
2. Timing of M signal to CL1may be in the range of + 1000ns. 
3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz +2 Hz or 60 Hz +2 Hz) to prevent LCD flicker. 
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LM200 


me Vie Vin 20.7% Voo 
Vit: 0.3% Vop 
Cia 


tCWH 


" -_ " 
tFSu 
FLM . 


iDM 
ViH 
: ) 
har 
tCWH 
Vw Vin 
CL2 Vy i hia 
D} ViH Vix \ | 
Viz ViL | 
‘ erie 7 
Fig.6 Interface timing (data write) 
0.45msSTS0.62ms 
CL1 
| | T/240 | 
a 
S| >be > seg Ugo Ces Ee a 
Xoo. = X 1 - X 2 
Nn 
N CO a fae} 
~ So ~~ 
De = » Le) aot S| Le 
X64 7 e X 33 2 | X 34 
FLM 
FLM 
M 


| 32X T | 


Fig. 7 Interface timing 
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m 256 dot(W) x 64 dot(H) graphic and alpha-numeric display 


= Controller LSI HD61830 is built-in (see section 6). 
MECHANICAL DATA (Nominal dimensions) 


Module size .......... 184W x 75H x 12T (max.) mm 
Effective display area ........... 149.6W x 43H mm 
Number of dots ............-00008 256W x 64H mm 
Dotsize ........ ioeueas oa 0.51W x 0.51H mm 
DOtDPIICHY «3-4-4 ed Jee a ARS 0.56W x 0.56H mm 
NVGIQUG: diate ea a Soe at Slaca as. & Set eae are about 150g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp—Vss) ..-----> 0 7.0V 
Power supply for LCD drive (Vpp—Vee) .--- 9 15.0 V 
Input voltage Vi) ae aoe Be a a ee a Vss Vppb V 
Operating temperature (Ta) .........04.- 0 40°C 
Storage temperature (Tstg)........... . —20 60°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp =5.0V+0.25 V, 


Vee = —9.0V + 5% 


Operating internal frequency Fop, ........-. 500 kHz 
Boo eee ee 1.2 MHz 
Power consumption ..........-.08 8820] 250 mW 
Power supply for LCD drive (Recommended) (Vpp — Vo) 
Duty = 1/64 
Vas 10-6 2 eo oeu teens tunes 13.2 V typ. 
T= 25 C ctr eteaseteuk 11.7 V typ. 
Ta40'C 45 cian he sow een ie 10.2 V typ. 
OPTICAL DATA. 26 gto cat eave ex eRe ES See page 15. 
| 184,0+0.5 
4 .0+0.5 176.0+0.3 


0.6 148 .6MI 


it er — 
(3.15 143.3 40.1 


™ 
© 
+1) oO 
oy as 
mb OG 
Oe) df 4 
Nt 
en 
Ww) 
wl] on 
° 
Oo 0.51 0.05 
= a ; ae 


Detail of A part 


Fig. 2 External dimension 
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INTERFACE TABLE 


(+5V) 


Vpp- Vo 
VR 


-9V 


Vpp-Vo: LCD driving voltage 
VR: 10k2 ~ 20 k2 


Fig. 1 Power supply 


* Effective viewing area 
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| 
esl | 
RES | | 
RS 
R/W IC? | 
E| : : | 
DBoy. : 
uo 
DBr ; 256 
! ie lef of ‘Pets 
| | | 
IC] 1C3 IC& IC7 
! 
| 
| =o _ TI | 
| 


‘ae meer erence eee wmyanriy © matte eae «= bur © emmormmpm === nnn, «usa, Mmmm © emma, «© rmeueumes,«=== ovum, “ermmmis, = senmacntem © eeeneeutiy, «enn: SRN © SCIEN eemunans SSE, cereey, imeem © Seen SannnnNSY = etn Stem emu 0 ini © Sanneemnmn © omentum © rtm anne enue 


TIMING CHARACTERISTICS 


Sa ee ee ae us 
= 


Pulse raise time of 'E’ 


Pulse fall time of ‘E’ ter 


Set up time of Input Data 225 
Cae eae ee 


Tevet [wen | OB 
Pulse width of ‘E’ pHievel WEH 


tas i 
2.2 
CS, R'W. RS 4 
0.8V 


DBo-7 ( | p 
(MPI; — [.M213B! 0.8V 


{DH 


) 


DBo-~7 
(MPU — 1.M213B) \ : ) 


Fig. 4 Interface timing (MPU <> LM213B) 


o1 


6 @ HITACHI 


LM213XB 


m 256 dot(W) x 64 dot(H) graphic and alpha-numeric display INTERFACE TABLE 
= Controller LS] HD61830 is built-in (see section 6). 


MECHANICAL DATA (Nominal dimensions) 


Module size.......... 184W x 75H x 12T (max.) mm 
Effective display area ........... 149.6W x 43H mm 
Number of dots ............0000- 256W x 64H mm 
DOCSIZE cc cle See BR AE ee SS 0.51W x 0.51H mm 
Dotpitch ....... aes een i 0.56W x 0.56H mm 
Weight: cote seta deus ee ee Lee yack bx about 150 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp—Vss) ---- +--+ 0 60V 
Power supply for LCD drive (Vpp—Vee) .--. O 15.0 V 
Input voltage ONS Ay Gis. fer anche sie Bs aoe Wee eee nee Vss Vop V 
Operating temperature (Ta) .........005- 0 40°C 
Storage temperature (Tstg)............ —20 60°C 


ELECTRICAL CHARACTERISTICS 
Ta=25°C, Vpp =5.0V £0.25 V, 
VEE =—9.0V + 5% 


Vip “Vo 
ea eae eae eA 


—10% 
Operating internal frequency Fcp, ......... 500 kHz 
Fopo ee teers Gack 1.2 MHz 
Power consumption .............220048. 250 mW 
Power supply for LCD drive (Recommended) (Vpp — Vo) 
Duty = 1/64 | 
Tas 0 Ces cau cee ae wae as 15.0 V typ. ey 
Waa 2 Ce & eee ata ee a ae 14.0 V typ. VpaisedicD divine watage 
TAPAO Co hacralt, & neue dss be BaSH 13.5 V typ. VR: 10 kQ ~ 20k 
OPTICAL DATA .............. 4 brs et See page 15. Fig. 1 Power supply 


184.0+0.5 
176.040.3 


148 .6MIN,* 


143.3 409.1 


2.54Pitch 


3-93 559? 
0.51 0.05 S 
* Effective viewing area 


Detail of A part 
Fig. 2 External dimension 
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LM213XB 


TIMING CHARACTERISTICS 


item 


Cycle time of ‘E’ 


Pulse width of ‘E’ 


L. level 


Pulse raise time of ‘E’ 

Pulse fall time of ‘E’ 

Set up time of CS, R/W, RS 
Set up time of Input Data 


rere emanmeenieesmanaerem ss 


Data delay time 


Hold time of Data 
Hold time of CS, R/W, RS 


; icye 
. (WEH (WEL 
ay 
E 
O8V 
2.2V 
CS, R/W, RS ‘ 
0.8V 
DBo-? ‘ 
(MPU — LM213B) 
DBo-? me AN 
(MPU = LM213B) 
Fig. 4 Interface timing (MPU < LM213B) 
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m 480 dot(W) x 64 dot(H) graphic and alpha-numeric display Power supply for LCD drive (Recommended) (Vpp — Vo) 
= Attachable controller LSI: HD61830 (see section 6). : Duty = 1/64 
her O ©. 244 aid ba. dae e ee & was 15.0 V typ. 
Te 26. Cio cts ete on 6a 14.0 V typ. 
MECHANICAL DATA (Nominal dimensions) PAO Cec ct oe ce hea eed Sede eel 13.5 V typ. 
Module size.......... 270W x 82H x 13T (max.)mm = OPTICAL DATA .,..........000 0000. See page 15. 
Effective display area ............. 240W x 38H mm 
Number of dots ........... 2.0000 480W x 64H dot 
Dot size... 0. eee eee eee eee 0.44Wx0.44Hmm INTERFACE TABLE 
Dotpitch ..... 0... cece eee. 0.49W x 0.49H mm 
Weight 2.0.0 0c cece cee e cece eee about 180 g [1 [bt [He [Serial row data Vee half) 
The FLM signal indicates the begin- 
ABSOLUTE MAXIMUM RATINGS < wae et 
Power supply for logic (Vpp—Vss) ........ 0 6.0V Pp 3 | mM | HA Control signal for AC driving 
Power supply for LCD drive (Vpp—Veg) .... 0 16.0V | oa fc | Hoe ep enaeaeuen 
In OltaQe (VU) Gane eed ore we ee Ba Aw V 
Meco aur Cals arse 4 ae a ease = ae SS sige deta. Beery fee gent g ae 
Storage temperature (Tstg) ............ —20 60°C | D2 | H/L_ | Serial rowdata (right half) 


ELECTRICAL CHARACTERISTICS 
Ta=25°C, Vpp =5.0V 0.25 V, 
Vee =—-9.0V +0.45 V 


— +5V po Power supply for logic circuit 


ss Ground 


Input “high” voltage (Viy)......... 0.7 x Vop V min. ak ee eee 
Input “‘low” voltage (Vit) ......... 0.3 x Vpp V max. 
Clock frequency (fo, 2) ........-05 2 eee 610 kHz min. 
920 kHz typ. 
1200 kHz max. 
Power supply current (Ipp) ...........- 16 mA typ. 
ee) .ck & pees eke es 6 mA typ. 
+ 
rs 
; 2) 
270.0+0.5 Unit: mm a 
O 
7 5.2+0.3 260.0+0.3 : a 
: 9.5+0.3 240.0+0.3 © 
fon) (oe) cr | 
gal 2 12,220.3 | 235.15. Ol S 


82.0+0.5 
54.0+0.3 
67.0+0.3 


146.0+0.3 2. 54pitch 
131.0+0.3 131.0+0.3 
205.0+0.3 


Fig. 1 External dimension 
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LM211XB 


Unit: mm 


(Vicp=LCD driving voltage } 


Y241~ Y480 


Fig. 2 Display pattern Fig. 3 Block diagram 


Von-Vo 


(-10.5V) Vpp-Vo: LCD driving voltage 


VR: 10 kQ ~ 20 kQ 


Fig. 4 Power supply 


aoa | 0.19ms S&T S0.39ms | 


Cli MN Sa eae a | LEE Eee earn ere | DET 


| | T /240 | 
CL2 FULL. SS 
300nsmin 300nsmin | 
D1 : se os Oe fa a 
a 
X64 X1 X2 X3 
pb »=~—Ssd Ls Lee OLS UL D 
N = 
a ~ 
X64 Xl X2 X3 
M lusmax 
Qusmin Omin. 
FLM 


PLM a ee ee 


! 64T | 
t { 


Fig. 5 Interface timing 
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TIMING CHARACTERISTICS 


Clock frequency fcL2 


Clock pulse width (High level) 
<a 


Clock pulse width (Low level) 


-aenel EAS 
[ey time it 
[Funneigtme 


Notes 1. Optimum frequency for the highest contrast depends on the type of module. 
2. Timing of M signal to CL1 may be in the range of + 1000ns. 
3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz +2 Hz or 60 Hz + 2 Hz) to prevent LCD flicker. 


Vin Vin Vin : 0.7X Vop 


Vit: 0.3X Vop 
CLl 
tCWHI 


: ~~ ’ 
{FSU 
FLM 


tFH 


tCWH 


Vin Vin 
CL2 : Vin ) Vit 
Vin Vin 
D1, D2 b 
ViL Vit 


Fig. 6 Interface timing 
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SECTION 4 


LM266XP 


FEATURES 


M 640(W) dots x 100(H) dots graphic and alphanumeric display 
@ Attachable controller: HD63645F 


MECHANICAL DATA (Nominal dimensions) 


Module size.............. 287.5W x 71.5H x 13T (max.) mm 
Effective display area.................40. 243W x 42H mm 
Number of dotS ...............0 00 ee eee 640W x 100H dots 
DOUSIZE 2.4% badaeew Gacy bees uewees 0.33W x 0.33H mm 
LJOU NGI 5258 dey deren erncetecoe wii Beams GS wedeaies 0.36W x 0.36H mm 
WYGIOMAL sy sxsru-o aber eesie bt bere ere meat Ged ee eer nel eens 250g 


ABSOLUTE MAXIMUM RATINGS 


min. max. 
Power supply for logic (Vpp - Vss) .....- +: —0.3 7.0V 
_ Power supply for LCD drive (Vpp - Veg)... . - —0.3 28.0V 
_ Input voltage (Vi) (Note 1) ................ 0.3 Vpp+0.3V 
Operating temperature (Ta) (Note 2) .............. O~ +40°C 
Storage temperature (Tstg) (Note 3) ............ -20~ +60°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0V +0.25V,V, = -19.0V + 0.95V 


Input “high” voltage (Vjy) .... 2.6... eee 0.7 x Von ~ VopV 
Input “low” voltage (Vi). ...... 06... eee 0 ~0.3 x VppV 
Power supply current for logic (Ipp) (Note 4)......... 8 mA max. 
Power supply current for LCD drive (lee) (Note 4)..... 6 mA max. 
Frame frequency (fey)... ee ee 78 Hz typ. 


Power supply for LCD drive (Recommended) (Vpp — V,) (Note 5). 


Duty = 1/200 


OOUOUUOOOUO 
HOODOO OOUC 
DOOOUOOUOUO 
2 eee ee Se 
ae ee 
PTT TES 
MOBILE 


(100 dots) 


eS TASES 


Wey OC ire a eed th a Dae a aa 19.5 V typ 
Wal 25°C undo ererans GoM ee aes oe 18.5 V typ. 
a fe Neg 0 ci Oar ae ae nae ae ee oar ane Cone ea ee 17.8 V typ. 


Notes 1. Applied to CL1, CL2, DO~ D3, FLM and M. 
2. The color of the display may change into blue if operated at maximum 

temperature. It is recommended to use it between 0°C ~ 40°C. 

. Do not leave it for more than 168 hrs. at maximum or minimum tempera- 
ture. 

-Vop = +5V, Von - Vi = 24V, DO~D3 = 1010, f-,,, = 78 Hz 

Viewing angle = 10° 

To avoid damage during excessive shock environments, we recommend 

a support post be placed under the PCB by the customer. 


OPTICAL DATA ......... 0.0 cee eee See page 15 


i€¥) 


Dae 


[symbol | Function 
Power supply for logic circuit 


Ground 


Connected to metal frame (GND) 


Power supply for IC driving 
Control signal for AC driving 


The FLM signal indicating the beginning of 
each display cycle 


230.37 
(640 dots) 


DOOOOUOUOOO 


Fig. 1 Display pattern 
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13 max. 


LM266XP 


287.5+0.5 


280.0t0.5 
270.0+0.3 
9540.3 251.0£0.3 


(19.815) ) 230.37 + 0.2 (640 dots) 
ae Bes 85.005 13 max. height area of parts 
Se : 
aa TO) tt 50) eee eee 
| ~~". ee |——CUdS CSCESTSTSSSSTCTCT...CV.......T....™.. ... LL I 


SE hn RR a n,n LOS ODO. FOB. BBB OBB OS VD. SD VA, 
A AEG amo EE EE NEP NTI ONO TE TD Ee AEE PDS OTE 


ay | 
nd 


U] 


(100 dots) 
35.97+0.2 


STSPEMRBGGALIIIGTIOMa ey 
64.0405 


CL Mee Lh Lh hh A hrbhhrdacthahetaadederlantacer Benders 


12.75£0.3 45.2+0.3 


PIGSOMHAIBLIAAIAIGTTELIS 
IOLIOTALAEIOTIISTIIEDS 


v 


ng a fecenrnmnnmnd 
> — SOE OTTERS TEES EEE S AL SASS SS SASS SS SSSA SVSAA 
a Agden ee cece F 


ace ee IN 


qaly 


Viewing direction 


4-$3.5+ 0.2 


(3.75) 


With protection film 


8.5+0.02 
11.5 max 


Unit: mm 
Scale: NTS 


Fig. 2 External dimension 


Timing 
Circuit 


LCD PANEL (640 x 100 DOTS) 


Fig. 3 Block diagram 


LM266XP 


Fig. 4 Power supply 
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SECTION 4 


CL1 


CL2 


D3 


D2 


D0 


CEI 


D0~D3 


64 


LM266XP 


T= 128.2pys 


T/160_ 


X 100 Xl X2 


@ @) 63 GD @) GE GD G8 > €) 
@ €) 60 Ge @ Ge 62 G2) 6,6) 
@ ©) 6) G2 @ Ge G2 & C €) 


300 ns max. 


# 


—— 


Fig. 5 Interface timing 
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TIMING CHARACTERISTICS 
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M 
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Fig. 6 Interface timing 
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LM551XT 


FEATURES 


HM 128(W) dots x 128(H) dots graphic and alphanumeric display 
M@ Attachable controller: HD63645F 


MECHANICAL DATA (Nominal dimensions) 


Module size..... ee eee 88W x 86H x 14.0T (max.) mm 
Effective display area................4. 54.0W x 54.0H mm 
Number of dots ............. 0000 c eee 128W x 128H dots 
DOUSIZE i Rh ek oe Sia ea te a eae 0.35W x 0.35H mm 
DOl DCI i: te aiiirreae tee Co beute doe 4 0.38W x 0.38H mm 
WIM x tis whit cuce ele es Gane a aoe & Leiracee Reine eee 125g 


ABSOLUTE MAXIMUM RATINGS 


min. max. 
Power supply for logic (Vpp - Vss) .-..----- -0.3 7.0V 
Power supply for LCD drive (Vpp — Veg)... - -0.3 28.0V 
Input voltage (Vi) (Note 1) ................ -0.3 Vpp+0.3V 
Operating temperature (Ta) (Note 2) .............. 0~ +40°C 
Storage temperature (Tstg) (Note 3) ............ -20~ +60°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0+0.25 V, Veg = -2040.75 V 


Input “high” voltage (Viy).......-.---+0-- 0.7 x Vpop~ Vpop V 
Input “low” voltage (Vi)........ 0... eee eee 0~0.3 x VppV 
Power supply current for logic (Ipp) (Note 4).......... 4 mA typ. 
Power supply current for LCD drive (leg) (Note 4)...... 2 MA typ. 
Frame frequency (fei)... --- 2. ee eee 65 Hz min. 
70 Hz typ. 
75 Hz max. 
Power supply for LCD drive (Recommended) (Vpp — Vo) 
1/200 Duty (Note 3) 
Vee OC inicak tach ane card Sih ee es 22.5 V typ. 
Neat 25 Ces eatin eee ett ae tobe eek ee 21.5 V typ. 
NaS OC 2 exch k He eee ANS ea et a 20.2 V typ. | 


48.61 + 0.1 


48.61 + 0.1 


Notes 1. Applied to CL1, CL2, DO ~~ D3, FLM and M. 
2. The color of the display may change into blue if operated at maximum 
temperature. It is recommended to use it between 0°C ~ 40°C. 
3. Do not leave it for more than 168 hrs. at maximum or minimum tempera- 
ture. 
4.Vpp = +5V, Von - Vo = 21.5V, DO~D3 = 1010, FLM = 70 Hz 
5. Viewing angle = 10° 


OPTICAL DATA. ......0 022 cea eanccenes See page 15. 


INTERNAL PIN CONNECTION 


Symbol Function 
Data 


Data 


The FLM signal indicating the 
beginning of each display cycle 


Control signal for AC driving 
H—L | Data latch 
Data shift 
Data 
Data 


Power supply for logic circuit 
Ground 


Power supply for LC driving 


Operating voltage for LC driving 


Unit : mm 


Fig. 1 Display pattern 
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LM551XT 


72.0+0.3 


90000000 COCO 


4-Rj. 


Fig. 2 External dimension 


ee 
jy | 
E y vv i 
Ea 
be 
Timing Toivi wixid wi WwW 


Circuit 


SECTION 4 


Fig. 3 Block diagram 


icra ikea: Fig. 4 Power supply 
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LM551XT 


Observe the following sequencing when turning power supply on and off. 


oV 


Valid data 


Fig. 5 Voltage sequencing 


CL1 


By 
CL2 : 
X 128 X2 


a Gi €2) 6 GD GD GD Gi Gi GD (7 €7) GD 


Ta Gi €:) 62 Ge GD GS Ge GD G2 <> €) Ge 
ee Gb €2) €) GD GD GD Ge GE GS ci €7) 


300ns max. 


Pee 
FLM Pal 
CL1 | 

M 


D0~D3 oe 


Fig. 6 Interface timing 
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TIMING CHARACTERISTICS 


FLM hold time 


tCWH 
tr ty 


CL1 


tCWwH tScLi tHCL1 


CL 


LDO~LD3 


ll 

ee ee 
a he eee 
i” 


UD0~UD3 


FLM 


Fig. 7 Interface timing 
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SECTION 4 


LM221XB 


# 240 dot (W) x 


play 
w Attachable controller LSI: HD61830 (see section 6). 


128 dot (H} graphic and alpha-numeric dis- 


MECHANICAL DATA (Nominal dimensions) 


Module size ........ 180W x 120H x 13.8T (max.) mm 
Effective display area ........... 148W x 75.0H mm 

~ Number of dots ................ 240W x 128H dot 
DOUSIZE: ek eee de Bo he & a BR a 0.50W x 0.50H mm 
DOUDIICH i -bie bs cate al oh ew Bees 0.55W x 0.55H mm 
WelGKE i 5 3.30% wc oi os ES A ES a about 210g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp — Vss) ....... 0 7.0V 
Power supply for LCD drive (Vpp — Veg) ... O 19.0 V 
Input voltage (Vi) (Note 1)............ Vss VppV 
Operating temperature (Ta) (Note2) ....... 0 40°C 
Storage temperature (Tstg) (Note 3)...... —20 60°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vop — Vsg = 5.0V +0.25V, 
Vee — Vss = 13.5V +0.25V 
Input “high” voltage (Viy) (Note 1) 0.7 x Vpp ~ Vop V 
Input ‘‘low” voltage (Vj) (Note 1) ....0~03x Vpp V 


Clock frequency (fop2) ........ ee 1.08 MHz min. 
1.15 MHz typ. 
1.23 MHz max. 
Power supply current (Ipp) ............. 6 mA typ. 


(D,, Dz = GND) (fep> = 1.15 MHz) (Vpp — Vo = 12.9V) 


70.35 + 0.1(128dot) 


0.55 


eet oR en een i ee 


Power supply for LCD drive (Recommended) (Vp55 — Vo) 


Duty = 1/64 
Ma MOO foc ten ese, auld goog anal Be atte 17.3 V typ. 
Wa 2 Cee ced eh earn tht a Sentai es 16.4 V typ. 
T= AO-S ersten tees eee ees 15.7 V typ. 
OPTICAL DATA ...............0 005.5 See page 15. 
Notes 1. Applied to CL1, CL2, D1 ~ D2, M, FLM. 


2. When operated at maximum temperature, the display may 
be changed into blue color. 
It is recommended to use it between 0°C and 40°C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 


INTERNAL PIN CONNECTION 


Pin No. Level Function 
H/L Serial row data 


mem The FLM signal indicates the beginning 


Symbol 


of each display cycle 


Control signal for AC driving 


The CL1 latches the serial data in the 
shift registers 


Power supply for LC driving 
Operating voltage for LC driving 


< 


E 


m 


° 
< 


= 
° 


Unit: mm 


131.95 +0.1(240dot) 


i epee eereer 2 |e 


Fig. 1 Display pattern 
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LM221XB 


180.0 + 0.5 = 
Se eg Ue ee ap ae ag ern gee ue Unit: mm 
173.0+ 0.3 3.5405 


165.0+0.3 || 70+05 
148.0 +0.3 13.8max. 
131.95 +0.1 ; | aye 


: 5.5°33 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


92.0+0.3 


113.0+ 0.3 


12.0¢0.5 


dy Al A: ie 9 
“as iouible: : GRE Ges ules wine Ra 
+ (5 ‘ Ww 2 
12.0 20° 1.0 5 o 2.5440.1\ 10- glo 16+ 0.2 6.0max. 
, : io H 


a i *A1 ~ A20 pads should not be used for LM221B. 
Do not connect any signals to these pads. 
Fig. 2 External dimensions Use pin No. 1 ~ 10 for interface. 


D1 O 

FLM © 

CL!1 O 

CL2 © 

M & 
Interface 
circuit 

Vpp © 

VEE O 

Vss O 

Vo O 


VDD — Vo: LCD driving voltage 
VR: 10kQ ~ 20k 


Fig. 4 Power supply 
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Fig. 5 Correspondence of display with data 


| 0.19mss T $0.23ms 


!150ns min 150 ns min. S 
D1 S 
> 
X64 X1 X2 —— 
7 S 
5 a Od 
D2 - 
X128 X65 X66 —— 
t] 
M 
. 300ns max. 
2:8 min. 
100ns mun. 


FLM nl 
FLM j i ! 
Reduction | 64x T i | 
|. g | | | 
M 


Fig.6 Interface timing 
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LM221XB 


TIMING CHARACTERISTICS 


| Item Symbol 


TMasavime SS 
TFimsetuptime Sng ti 


- x | 
D1~ D2 eel 


FLM 


Fig. 7 Interface timing 
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SECTION 4 


LM238XB 


= 240 dot (W) x 128 dot (H) graphic and alpha-numeric dis- 
play 
= Controller LS] HD61830 is built-in (see section 6). 


MECHANICAL DATA (Nominal dimensions) 


Module size ........ 180W x 120H x 13.8T (max.) mm 
Effective display area ........... 148W x 75.0H mm 
Number of dots .............0.. 240W x 128H dot 
DOUSIZE® 4.55 bias bw ee kee 0.50W x 0.50H mm 
DOUDICC? onc ceksae kava eee wee 0.55W x 0.55H mm 
WeIGRE 25-555.45-% o 4 Sess Bok ek eae about 220 g 
ABSOLUTE MAXIMUM RATINGS min. max. 

_ Power supply for logic (Vpp — Vss) .....-.- 0 7.0V 
Power supply for LCD drive (Vpp — Veg) ... O 19.0 V 
Input voltage (Vi) (Note 1)............ Vss VpopV 
Operating temp2rature (Ta) (Note 2) ....... 0~40°C 
Storage temperature (Tstg) (Note 3)...... —20 ~ 60°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp — Vss = 5.0V +0.25V, 
Vege — Vssg = —13.5V +0.25V 
Input ‘‘high” voltage (Vij). ........--006- 2.2 V min. 
Input “low” voltage (Vj, ) 
Clock frequency (fey) (Internal clock)... . 
Input leak current (Ijy) .. 2... eee ee —5~5uA 
Output leak current (Ioyt) .......---. —10~10UA 
Power consumption ......... ee ee 250 mW max. 
(Vpp = SV, Ta = 25°C, Vop — Vo = 13.7V) 


70.35 +0. 1 (128dot) 
E 
D 
=> 


| : 


wes OOOO 


Y241 
0.5 


0.55 


Ce neice ee ai I Oe 


—— ae a a I | | EN | ee ee Se cee 


Power supply for LCD drive (Recommended) (Vpp — Vo) 


Duty = 1/64 

50 C. Syn Oma gp ardeeeekeen a, Bs ee 17.3 V typ. 

Ta 25. Ca ooo Ss aha ond eens 16.4 V typ. 

a AO Cie ee ba os wa os Bs 15.7 V typ. 

OPTICAL DATA: 2:25 248 eee ios eee eer See page 15. 
Notes 1. Applied to CL1, CL2, D1 ~ D2, M, FLM. 


2. When operated at maximum temperature, the display may 
be changed into blue color. 
It is recommended to use it between 0°C and 40°C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 


INTERNAL PIN CONNECTION 


a 
ve Power iy for Le0 ie 
Rw | Readlwrie 
ee 


rs 

S 
a —— 
[aie a0 [NG | Nocomeston 


Unit: mm 


Fig. 1 Display pattern 
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LM238XB 


Unit: mm 
180.0 +0.5 
173.0 +0.3 7 35+0.5 


|| 70+05 
148.0 +0.3 13.8max. 


131.95 +0.1 


75.0 +0.3 
70.35 £0.1 


Ww} oD 
oreo 
+H) H 
7 
oOo} oO 
ON on 
on ond 


12.0+0.5 


*[[2.5440.3\ 10-10 1.6402 


*B1 ~ B10 pads should not be used for LM238XB. 
Do not connect any signals to these pads. 


; : Use Al ~ A20 for interface. 
Fig. 2 External dimension 


IC} IC12 
Cammy C 
IC9 e e e ° 
* Interface timing circuit 


Vpp — Vo: LCD driving voltage 
Fig. 3 Block diagram VR: 10kQ2 ~ 20k 


Vpp — Vo: LCD driving voltage 
Fig. 4 Power supply VR: 10kQ ~ 20k2 
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TIMING CHARACTERISTICS 


Enable pulse width 


Enable rise time 


Enable fall time 


_ CS, R/W, RS hold time 


tcyc 


tWEH tWEL 


2.2V 
CS,R/W,RS 
0.8V 
av 


(MPU--LM238B) | 0.8V me 
2.4V 


(MPU —LM238B) 


Fig. 5 Interface timing (MPU <— LM238B) 
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LM215XB 


= 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis- 


play 
m Attachable controller LS!: HD61830 (see section 6). 


m Color tone: LM215XB..............0000 0 ee yellowgreen 

MECHANICAL DATA (Nominal dimensions) 
Module size........ 270W x 110H x 11.5T (max.) mm 
Effective display area ............. 242W x 69H mm 
Number of dots ................ 480W x 128H dot 
DOLSIZE: 555 5.6 Be WS ERS 0.43W x 0.43H mm 
DOUpITCN: 4.644 o34 58.3 oun wad 0.48W x 0.48H mm 
WEG 4 ict Sick so ecesgras tke wee be eae a ats about 320 g 

ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp — Vss) ....... 0 7.0V 
Power supply for LCD drive (Vpp — Veg) ... O 19.0 V 
Input voltage (Vi) (Note 1)............ —0.3 VppV 
Operating temperature (Ta) (Note 2) ....... 0 40°C 
Storage temperature (Tstg) (Note 3)...... —20 60°C 


ELECTRICAL CHARACTERISTICS 
Ta=25 C, Vpp = 5.0 V +0.25 V, 
Veg =—10.0 V +0.25 V 
Input “high” voltage (Vj4) (Note 1) 
Input “low” voltage (Vj_) (Note 1) .... 


.0.7x Vpop ~ VopV 
0~0.3xVppV 


Clock frequency (fei2) ... 6-2 eee eee 1.08 MHz min. 
1.15 MHz typ. 
1.23 MHz max. 
Power supply current (Ipp)...........-. 6 mA typ. 
NEE ado shasucras 3 mA typ. 
(D, ats Da, = GND) (feL2 = 1.15 MHz) 
Vop —_ Vo: 14.5 
Power supply for LCD drive (Recommended)(Vpp — Vo) 
Duty = 1/64 
Wea: SOG spas hes hei aye Rok Gua eat 15.5 V typ. 
iF eo a) One Wee eee NY re eee ee ee ere 14.5 V typ. 
We 4O°C xh were sat sad by edt eee ke 14.0 V typ. 


242.0 + 0.3 


a 
oom 
+1 
S 
—) 
os 
oot, 


OPTICAL DATA ...........0. 02 eee eee See page 15. 


Notes 1. Applied to CL1, CL2, D1 ~ D4, M, FLM. 
2. When operated at maximum temperature, the display may 
be changed into blue color. 
it is recommended to use it between 0°C and 40°C. 
3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 


Ts PIN CONNECTION 
[Pin No. [ Symbol 
Dna [Bt |i | Serial da oper al ——— 
[2 [2 | HL _| Serial row data (ower lefthalfl 
P= P| [asi 
ning of each Bisa del 
2 eee 


The CL1 latches the serial data in the 
a ene 
| 6 | cuz f Hoe Clock signal for shifting the serial 
data 


[7 [08 [Hi | Serial row deve upper right halt) 
[ea | Hi Serial row data lower right half} 

Voolesv 
Oe AT 
[tt Weet1ov) _— | Power supply for LC driving 
[12] Vo_[ = | Operating voltage for LC driving 


40.0£0.5 


3.3max. 


Fig. 1 External dimension 
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Unit: mm 


230.35+0.1(480dots) 


0.43 
O 
| 
| 
| 
! 
| 
| 
| 
| 
! 
OO» 


= 

2g Ll ¢ 

o) { - 

& iS 

= 
o t 
+ 
aD t 
ow l 
Has 
| 
Ee eet or ede Boe CJ 
Fig. 2 Display pattern Fig.3 Correspondence of display with data 


(— 10V) 


Vpp-Vo: Operating voltage for LC driving 
; VR: 10 kQ ~ 20 kQ 
Fig. 4 Power supply 


D30 
D1 
IC 1 IC3 IC4 IC6 
ro) am ro) 
> > > 
CL1 
CL2 
M 
LCD 
Vss 
= | re) 
- bn : S hos = : 
N N wz 
> > > 
Vee 
ic9 iC 10 iC 12 
Vo 
D20 
D4c 


Note: Interface timing circuit Fig. 5 Block diagram 


78 @ HITACHI 


LM215XB 


0.19msST S0.23ms 


150nsmin. 


CL1 


[| ree 


150nsmin. | | | 150nsmin. 
D1 | | | | | 


X64 X]1 X2 


at a Ce NN Fa a Se 


D4 


3 


00nsmax. 


0~100nsmin. 


FLM 


FLM 


(reduction) ia een 


Fig. 6 Interface timing 
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TIMING CHARACTERISTICS 


ty, t 


ins 
a0 
[et pe win [reg | 
[—e02 pate win tte |S 
[et weariness 
[ett seuptimet@) | twcus |SO 
eek rietarime tte | 
[—oxtahotaiine dt dt 
Pcttsewyiime | tC 
SO 

ee 

ee 


| FLM set up time 
FLM hold time 


town 


CLI 


tcowH SCL. tHehi 
ty 


CL2 ) 


tps 


Fig. 7 Interface timing 
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LM224XB 


= 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis- OPTICAL DATA .............2.0 0006» See page 15. 


play Notes 1. 
m= Attachable controller LSI: HD61830B (see section 6). 2. 


MECHANICAL DATA (Nominal dimensions) 
Module size ....... 270W x 110H x 11.5T (max.) mm 3. 
Effective display area ............. 242W x 69H mm 
Number of dots ................ 480W x 128H dot 
DOUS|Z0 cay Hew ee OS Re 0.43W x 0.43H mm 
DOUDHCO 246 bb ae ae he ee eS 0.48W x 0.48H mm 
WeIGNt £6 ¢ Doe es 6 hues be wad eae oe about 320 g 

ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp — Vss) ....... 0 70V 
Power supply for LCD drive (Vpp — Vee) ... O 19.0 V 
Input voltage (Vi) (Note 1)............ —0.3  VopV 
Operating temperature (Ta) (Note 2) ....... 0 40°C 
Storage temperature (Tstg) (Note 3)...... —20 60°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp — Vsg = 5.0 V £0.25 V, 
Vee — Vgg = 11.0V t0.5V 


Input “‘high” voltage (Vij). ...-.2.. 0.7 x Vop ~ VopV 
Input ‘‘low” voltage (Vit) ........-. 0~0.3x VopV 
Clock frequency (fcop2) .........---- 2.15 MHz min. 
2.30 MHz typ. 
2.40 MHz max. 
Power supply current (Ipp)........... 10 mA typ. 
(leg)... eee eee. 3 mA typ. 

(Dy, D2 = GND) (feito = 2.30 MHZ) (Vpp - Vo = 16.0V) 
Power supply for LCD drive (Recommended) (Vpp — Vo) 
Duty = 1/64 
hE a €or ee ee ee eee 15.5 V typ. 
1 cs On ee a en 14.5 V typ. 
MAO Ce 29 oe Gse-e os wade een Soe 14.0 V typ 


61.39 + 0.1 


Fo 


| | | | A | 


Y 481 


0.05 


Fig. 2 Display pattern 
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Applied to CL1, CL2, 01, D2, M, FLM. 

When operated at maximum temperature, the display may 
be changed into blue color. 

It is recommended to use it between O°C and 40°C. 

Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 


INTERNAL PIN CONNECTION 


Data signal 


» 
° 


Unit: mm 


eee 


81 
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110.0+0.5 
61.39+0.1 


D1 O 


Vin O 
VEE Q 
Vss OQ 
Vo OC 


LM224XB 


270.0+0.5 

5.9+0.5 230.35 +0.1 

14.0405] | 242.0+0.3 

1.0+ 

0.5 268.0+0.3 
ify 
Oo 
+i 


20.5+0.5 


69.0+0.3 
87.5+0.3 
102.0+0.3 


40+0.5 


* Interface 
timing 
circit 


131.0+0.3 


40+0.5 


262.0+0.3 


Fig. 3 External dimension 


7 
ete Se 
ee cant 
nia 
aes 
Y240 


Power supply 


IC9 ICil 


Fig. 4 Block diagram 
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12 1 
£94494 ¢¢ 


| 2.54+0.11\ 40.0+0.5 


LCD 


h 


IC8 


IC14 


Y¥ 480 


Y960 


Unit: mm 


Parts area 


LM224XB 


Vr=10~20kQ 


Fig. 5 Power supply 


0.10mss T $0.22ms 


= 
X64 X1 x2 ——- 
| GO 
' ee g 
> 5 
D2 oO 
X128 X65 X66: == 5 
Lu 
~ 
M 
300ns max. 
2.8 Min. 
100ns min. 
FLM eel 
FLM 


! ' 
(Reduction) | | 64x T | ! 
i 
] 


Fig. 6 Interface timing 
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> 
P) 
> 
?) 
—| 
mi 
P °) 
n 
= 
oO 
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© 


4 


LM224XB 


CL2 pulse width (H) | tewH | 180s” 
CL2 pulse width (L) Fo tewe iT SO 
CL1 set up time (1) 
CL1 set up time (2) 
Clock rise/fall time i 2 aa ee 
FLM set up time tFSs 
FLM hold time tey | 100s 


CL2 


eT ar 
bi oie eae | ee 
| Bete eee ee ea 


= 


tes 


FLM 


Fig. 7 Interface timing 
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Unit 


> 
n 


=] po) =) 


p=) 
72) 


ns 


LM240S 


@ 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis- 
play 
= Attachable controller LS!: MSM6255GSK or MSM6265GSK 


MECHANICAL DATA (Nominal dimensions) 


Module size........ 270W x 110H x 11.5T (max.) mm 
Effective display area ............. 242W x 69H mm 
Number of dots ................ 480W x 128H dot 
DOUSIZE -2 6 St 2 ie He me Ss 0.43W x 0.43H mm 
Dot pitCh: 64 cn6%9 544644544845 0.48W x 0.48H mm 
Weight. sees ao inc ae ecard Sa Bee about 320 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp — Vss) ....... 0 65V 
Power supply for LCD drive (Vpp — Vege) ... O 22V 
Input voltage (Vi)... 2... eee ee Vss VpopV 
Operating temperature (Ta) ............. 0 40°C 
Storage temperature (Tstg)............ —20 60°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0 V +0.25 V, 
Vee =—-14.5V +0.5V 


Input “high” voltage (Vjyj)......-~.. 0.8 x VpopV min. 
Input “low” voltage (Vip)... .....- 0.2 x VppV max. 
Clock frequency (fcp) .......... (2 es 1.00 MHz min. 
1.07 MHz typ. 

1.15 MHz max. 

Power supply current (Ipp)........... 10mA typ. 
a2 ee 8 mA typ. 


(D,,D2 = GND) (fep = 1.07 MHz) (Vpp — Vo = 15.8V) 
(D;,D, = GND) 
Power supply for LCD drive (Recommended) (Vpp — Vo) 


Duty = 1/128 
Ta 10 6 es ho ak ce hs Maw ee es 17.1 V typ. 
eG Coc ww ae en at Och ees 15.8 V typ. 
eats AO) 6 1 hale oe ence Ga 14.6 V typ. 


270.0 0.5 


. 


110.0 + 1.0 
| 

zi oS ae 

as! = oe ae 


(5.9) 


268.0) + 0.3 


OPTICAL DATA .............00000 eee See page 15. 


INTERNAL PIN CONNECTION 


Level Function 


H/L Serial row data 
H/L 


Serial row data 


Frame frequency (Indicating the 
beginning of each display cycle) 


=a 
O 


The CL1 latches the serial data in 


Rear Hit the shift registers 


- 
z| Plo 
= 
m 
BE 


Clock signal for shifting the serial 
data 


Oo 
oa 
re 


/L Serial row data 


a) v 
— 


O 


H/L Serial row data 
Power supply for logic circuit 


Ground 


< 
) 
0 


Power supply for LC driving 


Operating voltage for LC driving 


H/L Enable clock 


230. 35(480dot) 


md | 
CA fF OC 


61.39( 128dot) 
vA = sa 
qo odr 
OO Oo 


Unit: mm 


61.394 0.1 


6- 93.570? 


40.040.5 


Fig. 2 External dimension 
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Fig. 3 Correspondence of display with data 


Timer 
LOAD 
: Controller ; on 
128dot X 480dot LCD 


cp 


Vop 

Vss(GND) || a Y8! Y120 === ~Y321 sg eee Y480 

ae ime 

LTT coe aa 
ECLK : 4 a ahaa | 
ji oaaad dae ane eee) 

Do Pisses eta 

5 

Ds 


Fig. 4 Block diagram 


(—14.5V) 


Vpp ~ Vo: Operating voltage for LC driving 
VR: 10kKQ ~ 20k2 


Fig. 5 Power supply 
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LM240S 


1/128 duty 


128 


LOAD 


CP 


DO 
| 
| 

J age ey aoe ay a, A I 
| 

1 cece OO Ce, ee a. ie, ly, 


eee ete A ee 


| 

eee ee a ae Oe ae 
| —~—-+------ 
| 


| 
ECLK : 


FRAME 


tet ee 


] 


Notes 1. When using control LSI MSM6255GSK. 
2. There is CP pulse interrupting time of sixteen pulses between CP (120) and CP (1). 


Fig. 6 Interface timing 


TIMING CHARACTERISTICS 


“H', “LY delay time 'PLH 
tPHL 


CP ECLK pulse width Pow fl 
eee ACT Bae 


Rise, fall ti tr 
ise, fall time - 
LOAD rise, fall time tr (L) 

tf (L) 


CP +ECLK time 
ECLK >CP time 
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(VDD = 5V +10%, Ta = —20 ~ +85°C, CL = 15uF) 
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fcp 


, 


tw tw 
CP 
0.8Vpp 0.8Vpn 0.8Vpn 
0.2Vpp 0.2Vin 
tsetup 
Die 0.8Vpp ea 
0.2Vpn Von 
0.2Von Nai 
tce 


tr 


: .8V 
ECLK ; 0.8Vpp 0.8Vpp 


tr 
{oN tsetup 
a“ a4 
LOAD , '0.2Vpp 
FRAME 


Fig. 7 Interface timing 


i * 


tec 


thold 


twit) 


0.2Vim 


tsetup thold 


/ 0.8Vnp O.8Vin 
0.2Vin 0.2Vin 
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aa hn» tL) 
0.8Vpp ‘| tre 


0.2Von 


thold 


0.8 0.8 
(= eh 


0.2Viup 


LM225X 


= 640 dot (W) x 200 dot (H) graphic and alpha-numeric dis- 
play 

m= Attachable controller LS!: HD61830B (see section 6). 

m Color tone: LM225X... 0.0.0... ee ee yellowgreen 


MECHANICAL DATA (Nominal dimensions) 
Module size 270W x 150H x 13.0T (max.) mm 
Effective display area 239W x 104H mm 
Number of dots 640W x 200H dot 


DOUSIZEe 6 eu has eae weeds tess 0.32W x 0.46H mm 
DOU DICH! 4.5454 42soo eed Bae 0.35W x 0.49H mm 
WEIGKE Seo eee Maldie eth ee OSs oars about 450 g 
ABSOLUTE MAXIMUM RATINGS min. max, 
Power supply for logic (Vpp — Vss) ....... 0 7.0V 


Power supply for LCD drive (Vpp — Vee) ... O 19.0 V 

Input voltage (Vi) (Note 1)........0... Vss VpopV 

Operating temperature (Ta) (Note2) ....... 0 40°C 

Storage temperature (Tstg) (Note 3)...... —20 60°C 

ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp — Vsg = 5.0 V £0.25 V, 
Vee — Vss = —13.5 V £0.25 V 

Input “high” voltage (Vi)... 22... 0.7 x Vpp ~ VppV 

Input “low” voltage (Vj) .......0.. 0~0.3 x VpopV 

Clock frequency (fgj9) ........0000. 2.13 MHz min. 

2.28 MHz typ. 

2.46 MHz max. 

Power supply current (Ipp)............ 6 mA typ. 

CPE be itis rapa ace 3 mA typ. 

(D,, D> = GND) (fop2 = 2.28 MHZ) (Vpp - Vo = 14.0V) 
(D3, Dag = GND) 

Power supply for LCD drive (Recommended) (Vpp — Vo) 

Duty = 1/100 

eS O06 heechg atu neeaeiaaaes 16.7 V typ. 

Wee ie pat cane ee ee teenies 15.8 V typ. 

eS AOlCe noe ex dan ctiteiteancasbos 15.2 V typ. 


97.97+0.1 


i. 


OPTICAL DATA 


Notes 1. 
2. 


See page 15. 


Applied to CL1, CL2, D1 ~ D4, M, FLM. 

When operated at maximum temperature, the display may 
be changed into blue color. 

It is recommended to use it between O°C and 40°C. 


. Do not leave it for more than 168 hrs. at maximum or mini- 


mum temperature. 


INTERNAL PIN CONNECTION 


__ 223.97 £0.1 


Fig. 1 Display pattern 


HITACHI 


ning of each arabe oye 
: 


The CLI latches the serial data in the 


Clock signal for shifting the serial 
data 


xn: 
pe [C RIC | sere row te Gower Hae at 
"op |= [Pores rieet 
Yeon 
ae 
ae 


Power supply for LC driving 
Operating voltage for LC driving 


Unit: mm 
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270.0+0.5 Unit: mm 


268.0+0.3 13.0 max. 


| ( center ) 
| 
| 
| 
! 


262.04 0.3 


239.0+0.3 


142.0+0.3 
134.5+0.3 


10.0+0.5 
223.97+0.1 3.3max. 


Fig. 2 External dimension 


Pi =) 


ile 
Interface ie Vy C2 Era 
circit 37 nee 


Fig. 3 Block diagram 


Fig. 4 Power supply 
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CLI 


CL2 


; 150 ns min. 


LD) 


D3 


D4 


FLM 


FLM 


(Reduction) 


X100 


X200 


X100 


X200 


LM225X 


Fig. 5 Correspondence of display with data 


150 ns min. 
a 
oo] 
> 
> 
X1 X2 —— 
= 
~ > 
ee ee J 
7 
X10] X102 —— 
my 
> 
3S 
oS 
~ 
X1 X2 —— 
= 
$ x 
o = 
X101 X102 -— 
300ns max. 
2us.min. 
100ns min. 


Fig. 6 Interface timing 
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PS) 
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- 
mi 
= 
” 
= 
©) 
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LM225X 


CL2 cycle time 

Set a 

CL2 pulse width (L) ee en 

CL1 set up time (1) a ee ee 

CL1 set up time (2) | tuees of ts 

Clock rise/fall time SS Te ae oe 
aa 
| 100 
| 00 


M delay time tCM 


FLM hold time tEH 


Typ. 


: Co! 


“fy 


) 
co) 


a 

om | XN | TX > 
nae 

“ | RX 


Fig. 7 Interface timing 
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Unit 


a) 


n nn nn ”n 


= 
wn 


=) 
77) 


nn ”n wn 


LM236XB 


™ 640 dot (W) x 200 dot (H) graphic and alpha-numeric dis- 


play 
w Attachable controller LS!: MSM6255GSK or MSM6265GSK 
™ Color tone: LM236XB.............005 Yellowgreen 
MECHANICAL DATA (Nominal dimensions) 
Module size........ 270W x 149H x 13.0T (max.) mm 
Effective display area ............ 239W x 104H mm 
Number of dots ................ 640W x 200H dot 
DOESIZE? 22.6 Os eee Bee ae es 0.32W x 0.46H mm 
DOU Ditch -sdaden Satan eee kere a8 0.35W x 0.49H mm 
Weight 36664 ior G hws ee ee oes Bete about 450 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp) ..........5. 0 65V 
Power supply for LCD drive (Vpp —Veg) ... O 22V 
Input voltage (Vi) (Note 1)............ —0.3 Vop+ 0.3V 
Operating temperature (Ta) (Note 2) ....... 0 40°C 
Storage temperature (Tstg) (Note 3)...... —20 60°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0 V +0.25 V, 
Vee =-145V+05V 


Input “high” voltage (Vj4) (Note 1) .0.8x Vpp ~ VopV 


Input “low” voltage (Vj) (Note 1) ....0~0.2x VppV 

Power supply current (Ipp) (Note 4)...... 5 mA typ. 

(leg) (Note 4) ...... 4 mA typ. 

Frame frequency (fepame) ..-..-- 2. eee 70 Hz min. 

75 Hz typ. 

80 Hz max. 

Input capacitance (Cj,) (fep = 1 MHz) ..... 150 pF typ. 
Power supply for LCD drive (Recommended) (Vpp — Vo) 

(Note 5) Duty = 1/100 

Tacs 10°C 25 eG teen Ree 16.7 V typ. 

Kf eae ao ed Oe a ee ee ea oe eae 15.8 V typ. 

Tea 40°C. had okie Beech betes Rica es 15.2 V typ. 


1oOo0o0o0o 
noosa 


0.32 


0.35 


OPTICAL DATA ................000. See page 15. 
Notes 1. Applied to FRAME, LOAD, DF, ECLK, CP, UDO ~ UD3, 
LDO ~ LDS. 


2. When operated at maximum temperature, the display may 
change into blue color. 
It is recommended to use it between 0°C and 40°C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 

4. When viewing angle is 25°. 

5. In case of Vpp = +5V, Vop — Vo = 15V, DF = 75 Hz, 
UDO ~ UD3 = Vss and LDO ~ LD3 = Vgg. 


INTERNAL PIN CONNECTION 


ae 
8 | rem | | annser ch ater 

eS 
eC 
= [Power suppyforone cree 
— 


Ground 


Power supply for LC driving 


Operating voltage for LC driving 


= 
= 
[36 [vee [= 
— 


223.97 + 0.1 


Fig. 1 Display pattern 
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270+0.4 
1.0405 268 + 0.3 
239 + 0.3 13.0max. 


223.97 +0.1 
_ 180+0.3 , 9.2+0. 


149.0 +0.5 


Tt 4-R1.0max. 


Viewing direction 


nn @ a em 
*1 Recommendable connector: HONDA, FFC17T1 LAMEP1 or the equivalent. 
*2 This part should not be used for interface. Don’t connect any signal or power 


ly. Use pin No. 1 ~ 17. 
Detail of A supply se pin 


Measurement tolerance + 0.02 Fig. 2 External dimension 


LCD (640 dotX 200do1t) 


eeeeees 


Beenees 


Fig. 3 Block diagram 
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LM236XB 


* VR: 10kQ ~ 20k 


Fig. 4 Power supply 


LOAD AE Cece Pv Ee: SNR OUTED 
ECLK ea eee eee Eee 
ee He Wes Ge eee ed IL 


X100 | 
a) Ci Ce) CD CD GAD ND ON GE 
X200 X101 | X102 


se a) Ce (aD CS GD OD GD ON) CO 


DF 
3.34smin. 
FRAME | 
a... | 
FRAME 
(Reduction) 
DF 


*1 When using control LSI MSM6255GSK. 


*2 There is CP pulse interrupting time of sixteen pulse between 


CP (160) and CP (1). 
Fig. 5 Interface timing 
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TIMING CHARACTERISTICS (VDD = 5V + 10%, Ta = —20 ~+85°C, CL = 15 uF) 


“H'', “LL” delay time 


7 
Lomb pute wan 


Hold time 


Rise, Fall time 


LOAD rise, fall time 


CP >ECLK time 
ECLK —>CP time tEC 


tw tr tw tr 


0.8Vpp 


CP 0.8Vnp 0.8Vin 


0.2Vin 


0.2Vpn 0.2Vin 


thotd 


Csetup 
LD0~LD3-—_—————————————— 7 
AN.8Vpn 60.8 4 0.8 08 2 
( 02V Viv Y 4 Vow Vow 
UD0~ UD3 —— 
tcl. 0.2 0.2 


Von Vin 
tr tw 
ECLK y 0.8Vpp 0.8Vpn 
peat 


0.2Vnp 


Le 

thc 
twa 
LOAD ; 


0.2Vnn 


: 0.8Vinp 
DF 
0.2Vip 


tsetup thold 


FRAME FP 0.8Vn0 0.8Vnp 
0.2Vnn 0.2Von 


Fig. 6 Interface timing 
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FEATURES 


640(W) dots x 200(H) dots graphic and alphanumeric dis- 


play 
Attachable controller: HD63645F 


MECHANICAL DATA (Nominal dimensions) 


Module size .......... 270W x 150H x 13.5T (max.) mm 
Effective display area ........... 239.0W x 104.0H mm 
Number of dots ............0 200 ee 640W x 200H dots 
DOt SiZ@> 3-4} bk be ee S 0.32W x 0.46H mm 
DOUDINCN, 4.5 24 Se Gs eae 0.35W x 0.49H mm 
WGIGKT. o.4c0: opis Maw ea ee ee oe ee 450g 


ABSOLUTE MAXIMUM RATINGS 


min, max. 
Power supply for logic (Vpp — Vss) .... —0.3 7.0V 
Power supply for LCD drive (Vpp — Veg) —0.3 28.0 V 
Input voltage (Vi) (Note 1)........... —0.3 Vppt+ 0.3 V 
Operating temperature (Ta) (Note2) ......... 0 ~ +40°C 
Storage temperature (Tstg) (Note3)........ —20 ~ +60°C 


ELECTRICAL CHARACTERISTICS 


Ta = 25°C, Vop = 5.0 V 0.25 V, Veg = -21.5 V41V 
Input ‘‘high” voltage (Viy) .....---.- 0.7 x Vpp ~ VopV 
Input ‘low’ voltage (ViL) . 6... ee eee 0~0.3x VppV 
Power supply current for logic (Ipp) (Note 4) ... 8mA typ. 
Power supply current for LCD drive (lee)(Note 4) . 7 mA typ. 
Frame frequency (feim) ....--- eee ee ee eee 65 Hz min. 
70 Hz typ. 
75 Hz max. 
Power supply for LCD drive (Recommended) (Vpp — Vo) 
1/200 Duty (Note 5) 


Was Or Ors «hss h ers | take aa het ees 23.0 V typ. 
Wa 26 Cn Feat a he le ee 21.7 V typ. 
Ta 0 Co ost aid eos Suc ok ee 20.8 V typ. 


223.97 +0.1 


97.97+0.1 


| 
| 
| 
| 
| 
| 
| 
| 
| 


Notes 1. Applied to CL1,CL2, DO ~ D3, FLM and M. 

2. The color of the display may change into blue if operated at 
maximum temperature. It is recommended to use it between 
0°C ~ 40°C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 

4. Vpop = +5V, Vop — Vo = 23V, DO ~ D3 = 1010..... ; 
feLM = 70 Hz 

5. Viewing angle = 10° 


OPTICAL: DATA) «e533 oem Ww se SS See page 15. 


INTERNAL PIN CONNECTION 


Function 
Pe Dafoe 
Do | He [ome 
eo [aac 
beginning of each display cycle 
Pm | lL Control sine! for AC driving 
Pout [ast [mech 
re [a 
ppt | We 
H/L 
/ VoD _| 
vss 
| vec 


[Pin No. | 

ee! 

[eas 

= , 

a 
pe | 0 | wt [owe 
VEE | Power supply for LC driving 
2 [ve 


Operating voltage for LC driving 


Unit : mm 


Fig. 1 Display pattern 
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Unit: mm _ 


146.0+0.3 150.0+0.5 


Fig. 2 External dimensions 


Timing 
circuit 


Power 
supply 


Fig. 3 Block diagram 


*VR:10~20ka@ 


Fig. 4 Power supply 
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Observe the following sequencing when turning power supply on and off. 


CL1 


CL2 


FLM 


CL1 


FLM 


DO~D3 


X200 


Valid data 


Fig. 5 Voltage sequencing 


x ie! 


300ns max. 


2us min. 200ns min. 
ae 


SECTION 4 


Fig. 6 Interface timing 
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TIMING CHARACTERISTICS 


a 


FLM hold time 


tCwH 
tr ty 


CLI 


tCWH ESCL1 CHCL1 


ae 
cL a | 
LD0~LD3 | Hele 


MX KD 
UD0~UD3 


tFH 


FLM 


Fig. 7 Interface timing 
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LM585X 


= 640 dot (W) x 200 dot (H) graphic and alpha-numeric dis- 


play 
# Attachable controller LSI: MSM6255GSK or MSM6265GSK 
™ Color tone: LM585X............. 0085 Y ellowgreen 
MECHANICAL DATA (Nominal dimensions) 
Module size ........ 260W x 195H x 12.5T (max.) mm 
Effective display area ............ 220W x 166H mm 
Number of dots ................ 640W x 200H dot 
DOESIZE: ciate bh o.4, Soak ted Wabcwat ee 0.29W x 0.74H mm 
DOU DICH 24-4 sok a So wk eS 0.32W x 0.77H mm 
Weight ............20.0504+4044.. about 540g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp) ............ 0 65V 
Power supply for LCD drive (Vpp — Veg) ... O 22V 
Input voltage (Vi) (Note 1)............ —0.3 Vopt 0.3V 
Operating temperature (Ta) (Note 2) ....... 0 40°C 
Storage temperature (Tstg) (Note 3)...... —20 60°C 
ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0 V +0.25 V, 
Vop — Veg = 19.5 V +0.5 V 
Input “high” voltage (Vjy).. 2.2.2... 0.8 x VppV min. 
Input “low” voltage (Vj) ......0.. 0.2 x VppV max. 
Power supply current (Ipp) (Note 4) ...... 5 mA typ. 
(lee) (Note 4)....... 4 mA typ. 
Frame frequency (fepame) ..-.- 2... eae 70 Hz min. 
75 Hz typ. 
80 Hz max. 
Input capacitance (Cj,) (fep = 1MHz) ..... 150 pF typ. 


204.77 +0. 


—, 
Com) 
+ 
t~ 
n 
oo) | 
ican F Nacsa Larose eae 
—| x | 

oo | 

E roy 

' j 
Sofi, 
S eae a 
| ' 


Power supply for LCD drive (Recommended) (Vpp — Vo) 


(Note 5) Duty = 1/100 
Medes OG: i ho espera hgh e a eraepae ease we 16.7 V typ. 
GAS OP ny eae nae wee aoe 15.8 V typ. 
NaS AOT 2 a5 oh ee ee eat aeaewe ended ie 15.2 V typ. 

OPTICAL DATA .............00000 05 See page 15. 


Notes 1. Applied to FRAME, LOAD, DF, ECLK, CP, UD0 ~UD3, and LDO ~LD3. 
2. When operated at maximum temperature, the display may change into 


blue color. 

3. Do not leave it for more than 168 hrs. at maximum or minimum 
temperature. 

4. When viewing angle is 25°. 

5. In the case of Von = +5V, Von - Vo = 15V, DF = 75 Hz, UD0~UD3 


= OV and LDO~LD3 = OV. 


INTERNAL PIN CONNECTION 


Level Function 
H/L | Data (upper half) 
Ts | coe 
Frame frequency (Indicating the 
Pe rms DT beginning of each display cycle) 
ar 
Te [1006 [ast] Owe 
ee ase owe sie 
Data (lower half) 
| 14 | Vpp | Power supply for logic circuit 
wie 
is a go ae 
ee 


Unit: mm 


Note: Tolerance for dimensions not especially specified: +0.1 mm 
Fig. 1 Detail of dot pattern 


@ HITACHI sa 


SECTION 4 


LM585X 


Unit: mm 
260.0+0.5 / 
8.0205 ES o 
oid cee h S 
S Se 20.0+0.5 220.0+0.3 (2) (2) | + 
o| of Wey 204.77 40.1 ls = 
GQ 2 ~ 
SH gr = 
i] 
Oe 
jo) 
ol + 
Colo 
+H} = 
LO rn 
~< 
oe) 
ak ° ' Parts area 
+i — 
2 
Te) ms FL 
= itl 
= 
ye 
N 
rf 
0 
=| 2 
o| + 
+H, &, 
i ory 
ei 
oe ; 
: 25+0.3 = 
: 2.5440.1 1 (B= 41.0 * 
Fi 43.18+0.1 |; 10.0+0.3 12.5max. 
H nee gs 2) as 
252.0£0.3 “ 4.0+0.3 
aioe 


* Whichever can be used for interface. 


Fig. 2 External dimension 


LCD(640dotX 200do1) 


o ~ S >& 
ER ERO g9 Ol 
DF DF 
IC20 
iP sone 


Power supply ”’———— > O——-- 


* . Interface timing circuit 


Fig. 3 Block diagram 
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LM585X 


—14.5V * VR: 20k2 ~ 50k 


Fig. 4 Power supply 


0.125mss T $0.14ms 


LOAD 1 A) ever eee ene eee een: NRT See 
ECLK  eantemitheorck: Rinibienses “Spewt 


159 160 * 1 


CP 
| X2 
a) i) Se? cS Ce aS GO GH) Ga 
X200 X101 X102 


ST CS CD CD GD OD GD GO) CO 


DF 
3.34smin. 
FRAME j nt 
FRAME 
{ Reduction) 
DF 


* There is CP pulse interrupting time of sixteen 
pulse between CP (160) and CP (1). 


Fig. 5 Interface timing 
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TIMING CHARACTERISTICS | (Vp = 5V #10%, Ta = -20 ~+85°C, CL= 15 uF) 


“H", "L" delay time tPLH 
tPHL 


Unit 


Frequency of maximum clock fcp 
CP ECLK pulse width Pp otw fl 

Set up time 

CP > LOAD time 


LOAD >CP time | tLe 


Hold time ee ee 
tf 


.~ 


LOAD rise, fall time tr (L) 
tf (L) 


CP > ECLK time 
ECLK -—CP time tec 


Pra 
é 
m 


tw tr tw tt 
CP 0.8Vpp 0.8Vpp ‘ 
0.2Vbp 
thold 
UDO ~ UD3 F 0.8 0.8 - 
« Vop Vop p 
LDO~LD3 | 
0.2 0.2 
Vpp Vop 
tr tw 
ch 0.8Vpp 0.8Vpp 
trl) tsetup 
eps ye 
SC PC A 
(L) 
LOAD 


0.2Vpp 0.2Vop 


teLy 
d 0.8Vvp 
DF ( 
| 0.2Vpp 
Csetup thoid 


FRAME 0.8Vpp 0.8Vpp 
0.2Vppn 0.2Vov 


Fig. 6 Interface timing 
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m 320 dot (W) x 256 dot (H) graphic and alpha-numeric dis- 
play 


= Attachable controller LS|: HD63645F Notes - 
MECHANICAL DATA (Nominal dimensions) .5 ““ : 
Module size ........ 168W x 150H x 13.5T (max.) mm ; . 
Effective display area .. P®” 3:9" 142W x 115H mm 4. 
Number of dots ................ 320W x 256H dot 5 
DOUSIZE: 4.5: a- heia, Ge & ae ee ee 0.38W x 0.38H mm 
DOUPRCH. <n i bad ee oat deed es 0.43W x 0.43H mm 
WY OIG o.oo a ented it a Ae a ge We Oe & tee about 265 g 
ABSOLUTE MAXIMUM RATINGS min, max, pre 
Power supply for logic (Vpp —Vss) ..... —03 7.0V loge | 
Power supply for LCD drive (Vpp — Veg) . 0.3 28.0 V 
Input voltage (Vi) (Note 1)............ —0.3 Vppt0.3V 
Operating temperature (Ta) (Note2) ..... 0 40°C 
Storage temperature (Tstg) (Note 3)...... —20 60°C 


ELECTRICAL CHARACTERISTICS 
Ta= 25°C, Vpp =5.0V +0.25V, 
Vee = —20V +0.75V 
Input “high” voltage (V jy) 
Input “low” voltage (V4) 


ee ot Ge oe a 0.7 x VopV min. 


7 
5 
Tere tar 0.3 x Vpp V max. 5 


14 
1 
1 


Power supply current (Ipp) (Note 4) ...... 5.0 mA typ. 
(leg) (Note4) ...... 4.0 mA typ. 

Frame frequency (fetm) ......-..20-05} 65 Hz min 
70 Hz typ. 
75 Hz max. 


Power supply for LCD drive (Recommended) (Vpp — Vo) 
Duty = 1/128 (Note 5) 


oa © © Ee 22.5 V typ. 
Ue ok ce nie 2s Gad jas Gente, Stik Wee Shieh 21.5 V typ 
Tat 6 rte be ee Ss ns ce ee 20.2 V typ 


DIWIWIUIUILI 


101.03 


Fig. 1 Display pattern 
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OPTICAL DATA 


1~4 |UDO 


meee 
Lee | 
me 
es 
Se 
Le. 
aia 
MFG (Vss) 


ee 


Eaaecgn det Aloe tee esis eect ge Pe og Seon es gee See page 15. 


Applied to CL1, CL2, DO ~ D3, FLM. 

When operated at maximum temperature, the display may be changed 
into blue color. It is recommended to use it between 0°C and 40°C. 

Do not leave it for more than 168 hrs. at maximum or minimum 
temperature. 

In case Of Von = +5V, Von - Vo = 22.5V, DO~D3 = 1010, 

form = 75 Hz. 


. When viewing angle is 25°. 


INTERNAL PIN CONNECTION 


i ei 
The F LM signal indicating the be- 
ginning of each display cycle 

PNG = 

i [HSL 
DD 

SS 
Vo 


F 
N 
( 
ae ae Power supply for logic circuit 
[vss [= [GND 
bc WEE pes Power supply for LC driving | 
| Vo | = | Operating voltage for LC driving 
Pe | Connected to metal frame (GND) 


Unit : mm 


eee One| ||| | 


Measurement tolerance +0.06 
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168.6+0.5 Unit: mm 


160.0+0.3 


137.55(320dots) 
4—$3.5+0.2 


Le 

PES ee de ye ee 
ae em 
{Tj | 


30.0+ 0.3. 


150.0+0.5 
142.0+0.3 
101.03(256dots) 


2—~ $3.2 +0.2 


Parts area 


Viewing direction & 18.0+0.5 
20 — 1.0 


Fig. 2 External dimensions 


[SSS 
: an ad - 


80 01 
=== 320 


CL2 


UD0~UD3 LCD(320dots x 256dots) 
is 01 80 0 80 01 80 01 80 
r IC5 f IC6 rf 1C7 IC8 
Li pj} tet am 
Ts ee ee eee 
en ee eee i ee 
- ee Ses Sl ES OR 
i 
VEE 
GND 
* Interface timing circuit Fig. 3 Block diagram 


LM246X 


*VR = 10kKQ ~ 20k. Fig. 4 Power supply 
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Observe the following sequencing when turning power supply on and off. 


UD3 


UDO 


M 


LDO~LD3 (—) 
UD0~UD3 


Fig. 5 Voltage sequencing 


ge 
daa occ 
oer 
& 


¥ 321 Y 637 


, 


Y 322 Y¥ 638 


a 


200ns min. 200ns min. 


- 128XT- 


Fig. 6 Interface timing 
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tCwH 
tr ty 


CL1 


tCWH tscLi tHCLI 


CL 


LDO~LD3 


de | 
ini 
ene PEERED 
ae eee 
J 


UD0~UD3 


{FH 
FLM 


Fig. 7 Interface timing 


TIMING CHARACTERISTICS 


tHCL1 


tDH 
tCM 
tFS 
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FEATURES Notes 1. Applied to CL1,CL2, UDO ~ UD3, LDO ~ LD3, M and FLM. 

| oe 2. The color of the display may change into blue if operated at 
® 640(W) dot x 400(H) dot graphic and alphanumeric display maximum temperature. It is recommended to use between 
m= Attachable controller LS!: HD63645F 0°C and 40°C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
MECHANICAL DATA (Nominal dimensions) mum: temperature: 
4. Vop = +5V, Vop — Vo = 23.0V, UDO ~ UD3, 
Module size.......... 270W x 198H x 13.5T (max.) mm LDO ~LD3=1010....., fFLM = 70 Hz. 
Effective display area ........... 236.0W x 153.6H mm 5. Viewing angle = 10° 
Number of dots ............. .....640W x 400H dots 
DOtSi2e> cise cei wed teamed eae 0.33Wx0.33Hmm  OPTICALDATA ..................44. See page 15. 
DOU DITCH 5588S weg tae ore eae deme e 0.36W x 0.36H mm 
WEIGNU. juny acc Sea ae CA ee ane Rea 5409 INTERNAL PIN CONNECTION 
ABSOLUTE MAXIMUM RATINGS [Pin No. | 
= UDO ~ UD3 
min. max. (1) (4) 

Power supply for logic (Vpp — Vss) .... —0.3 7.0V ae 
Power supply for LCD drive (Vop — Vee) .—0.3 28.0 V The erent signal indicating tha be: 
Input voltage (Vi) (Note 1)........... —0.3 Vpp +0.3V ginning of each display cycle 
Operating temperature (Ta) (Note2) ......... O~+40°C a 
Storage temperature (Tstg) (Note3)........ —20 ~ +60°C ae 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0 V +0.25V, Veg = —21.5 V +1V 


Input “‘high” voltage (Vj) (Note 1)....... 0.7 Vop V min. 
Input ‘‘Low”’ voltage (Vj_L).........05- 0.3 Vop V max. 
Power supply current for logic (Ipp) (Note 4) ... 8 mA typ. 
Power supply current for LCD drive(Ieg) (Note 4). 7 mA typ. 
Frame frequency (ffim) ....... 22.02 ee ees 65 Hz min. 

70 Hz typ. ma 

75 Hz max. Z 

Power supply for LCD drive (Recommended) (Vpp — Vo) © 

1/200 Duty (Note 5) Mt 

Ta OC: tote artes sea tace earns cakes 23.0 V typ. is 
NOS 25 2G cai yh cae tpnGe oad eae. 21.7 V typ. 
Te AO Cea ade ee ord edi atone: 20.8 V typ. 


230.37+0.1 Unit : mm 


143.97 +0.1 
ene ae 


Fig. 1 Display pattern 
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Unit : mm, 


13.5max. 


270.0+0.5 
265.0+0.5 
253.0+0.5 


Viewing direction 


175.8£0.5 


190.8+0.5 
4.040.3 : ee ae es 
= TT roi 198.0+0.5 16+03 
es 2.54 al 
o 
Be) es 4 See) 
oO oO ud oo 
+i + nN +4 H 
2 o ao 
2 c 2° 


UD0~UD3 


LDI~LD3 


Note: Interface timing circuit Fig. 3 Block diagram 


LM252X 


*VR:10~20k2 Fig. 4 Power supply 
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Observe the following sequencing when turning power supply on and off. 


4.75 V 


5V 


CLI 


CL2 


UD3 


UD2 


UDI 


UDO 


LD3 


LD2 


LD1 


LDO 


FLM 


(Reduction) 
CLI 


FLM 


Fig. 5 Voltage sequencing 


X200 X2 
@ @), 6, GD GS @ Ge GE 4 < @ a 


® € €2 Ge Ge Ge Ge ec @ a 


Ne ee 
@® €2) 6, GS GS Ge G> GE Gi Ge Ge 
(__ KveaXvesX X XX KK XK OX) 
C__ RreerXvoX XX MX _) KX X_) 


Gee ee 
eA X_X NK _) et @ @ 


300ns max. 


Fig. 6 Interface timing 
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TIMING CHARACTERISTICS 


CLI 
tCWH ' ESCL1 THCL1 
Tia ob 
CL2 ae 
tpsu 


_ > Tr as 
UD0~UD3 . . 


tcM 
ECYC 


= 
uy 
oN 


FLM 


Fig. 7 Interface timing 
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Mi 240 dot (W) x 64 dot (H) graphic and alphanumeric display 
M@ Attachable controller: HD61830 (see section 6). - 


MECHANICAL DATA (Nominal dimensions) 


Module size ................ 149W x 57H x 13T (max.) mm 
Effective display area ..............-.-0-- 117W x 44H mm 
“'NUMDEF Of GOS cs ede eat ere ess 240W x 64H dot 
DOUSIZO\s 6c hee nei ee eee 0.44W x 0.44H mm 
DOUDICNs< bitetensash ech enee lee man gh 0.47W x 0.47H mm 
WIGIOI 6.6. d 2c 2i-Y card ae Gee Beebe ahs eas 110g 


ABSOLUTE MAXIMUM RATINGS 


min. max. 
Power supply for logic (Vpp — Vss)..---------- 0 | 7.0V 
Power supply for LCD drive (Vpp — Veg). ------- - 0 19.0V 
Input voltage (Vi) ...................00008. Vss VopV 
Operating temperature (Ta).................. 0 40°C 
Storage temperature (Tstg)................-. -—20 60°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0V +0.25V, Veg = -5.0V +0.25V 


Input “high” voltage (Vj) .....-..-.----+-- 0.7 x VppV min. 
Input “low” voltage (Vij).-.--.------200 0 ee 0.3 x VppV max. 
Clock frequency (fcpo) .. 2... ee eee 1080 kHz min. 
1150 kHz type. 
1200 kHz max. 
Power supply current (Ipp)...-.--.-.-----.-22 eee: 6 mA typ. 


(D2 = GND, fo_2 = 1150 KHz, Vpp -Vp = 14.8V) 
Power supply for LCD drive (Recommended) (Vo — Veg) 


Duty = 1/64 
Ne. COSC. aoe tec aee are eee tones 15.5 V typ 
Ta 25°06. been wena tose eras eee eas 14.8 V typ 
qa AOC an tered wee ldeeolateeeseaee ia 14.1 V typ 


55.5+0.5 


he 
° 
+ 
et 
co) 
t 


30.05 £0.1 


INTERNAL PIN CONNECTION 


See ec meres 
ELM The FLM signal indicates the beginning | 

| of each display cycle. | 

aoe Control signal for AC driving — | 
The CL1 latches the serial data in the 
shift registers. 


Clock signal for shifting the serial acs 


= eee eee eear, 
| = | Powersupply forlogic circuit 
p= [Ground 
Lg 


= 


Power Supe for LC etal 


Pe 
= 
s 
oe 
oes 
= 
| 9 |v 
a 


Unit: mm 


112.77 


oooo 
Oooo O 

nooo Cl 

| nNoooo C 
: nono O 
| Daooo a 
| ! 

| 3 

| ! 

| 2 | aememe cere ae 


Fig. 1 Display pattern 


| | 4-3.5+0.02 


136.0$0.5 


Unit: mm 
Scale: NTS 


Fig. 2 Externai dimension 
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Fig. 3 Block diagram 


400ns 


MIN. 0.19ms <= T <0.23ms - 
| | T/240 
300ns MIN | | | 300nsmin | 
pve "" 


SECTION 4 


X64 X1 X2 X3 


2usmin. 


FLM 


FLM 


Fig. 4 interface timing 
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50 ms max. 


50ms max. -12V 
- , *VR:10~20k2 
Fig. 5 Power & Interface Timing | Fig. 6 Sequence Power Supply 


TIMING CHARACTERISTICS 


CL2 cycle time 
CL2 pulse width (H) 
CL2 pulse width (L) 
CL1 set up time (1) 
CL1 set up time (2) 


Clock rise/fall time 


pth 
Data set up time | tpsu 
Data hold time | to 
CL1 delay time 
M delay time 


FLM set up time 


CL1 


tcwH tHcLi 


CL2 F 


tosu 
a || 
tcm 
tcc 
t ' 
M { 
trs tFH 


FLM 


Fig. 7 Interface timing 


ss 
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FEATURES 
640(W) dots x 200(H) dots graphic and alphanumeric dis- 


play 
Attachable controller: HD63645F 


MECHANICAL DATA (Nominal dimensions) 


Module size...........--- 270W x 150H x 13.0T (max.) mm 
Effective display area................. 224.0W x 98.0H mm 
Number of dots ............02008. 640W x 200H dots 
DOUSIZ@ 2203.6 re tae se ed oe 0.32W x 0.46H mm 
DoUpitel’ ...24 40 oh es Soe ee RES 0.35W x 0.49H mm 
WIG 520-b >. 2:64 S & ere er eS oe aise .. 450g 


ABSOLUTE MAXIMUM RATINGS 


min. max. 
Power supply for logic (Vpp — Vss) .... —0.3 7.0V 
Power supply for LCD drive (Vpp — Veg) —0.3 28.0 V 
Input voltage (Vi) (Note 1)........... —0.3 Vopt+ 0.3 V 
Operating temperature (Ta) (Note 2) ......... 0 ~ +40°C 
Storage temperature (Tstg) (Note3)........ —20 ~ +60°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vop = 5.0 V 0.25 V, Veg = —-21.5 V 41V 


Input “high” voltage (Viq).......--- 0.7x Vpop ~ VopV 
Input “low” voltage (Vi_) 2.6... .. eee ee 0~0.3 x VopV 
Power supply current for logic (Ipp) (Note 4) ... 8 mA typ. 
Power supply current for LCD drive (lee )(Note 4) . 7 mA typ. 
Frame frequency (feiy) .. 2.2 ee ee ee eee 65 Hz min. 

70 Hz typ. 

75 Hz max. 


Power supply for LCD drive (Recommended) (Vpp — Vo) 
1/200 Duty (Note 5) 


Wage 0 Ca. alt a teas ence. othe wads 23.0 V typ. 
i 1s el © a eee 21.7 V typ. 
Tae AOC ce a oe es ee 20.8 V typ. 


temperature. 


5. Viewing angie = 10°. 


OPTICAL DATA 


Notes 1. Applied to CL1, CL2, DO~D3, FLM and M. 
2. The color of the display may change into blue if operated at maximum 
temperature. It is recommended to use it between 0°C ~ 40°C. 
3. Do not leave it for more than 168 hrs. at maximum or minimum 


INTERNAL PIN CONNECTION 


wh 


223.97 +0.1 


97.97+0.1 


Fig. 1 Display pattern 


Symbol 


FLM 


fe) 
S 


- 
NO 


< 
Oo 
oO 


V 
V 


Ss 
EE 
Vo 
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L 


Sl eeaeeeerenemeeerrerene) Se | Eel) i 


beginning of each display cycle 


Unit : mm 
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BR BS 

PSoabd wo a NODS 

SCMOO de © Onoo 

H HH EH o fo) HH OH OH 

2000 He H oo°o°o 

OW WWD nd o OO &® Mm 

G o 
0 15.0 max. 

00209 NE 
7.5+£0.3 9 | SE A HANES EE ae a eee | O | 


26.0$0.5 


See | TERE ET 
LOFL6L6 


127.0+0.3 
140.5+0.3 
146.0+0.3 
150.0+0.5 


8 
° 
I+ 
© 
on 
A a eS | ee 5 


ro; 'O | TO | 
6—63.5 


(o'1) 


Note 1: Interface pin connection is located on the bottom side (LSI side). 
Unit: mm 


Scale: NTS Fig. 2 External dimension 


Timing 
circuit 


Fig. 3 Block diagram 


*VR:10~20kQ : Fig. 4 Power supply 
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Observe the following sequencing when turning power supply on and off. 


5V 
4.75V 


0~50ms 0~50ms 


VEE 


ON 


Fig. 5 Voltage sequencing 


CLI 


CL2 


X200 


FS a 
i > €) € GD GS Ge Gp GD GS c=) €2) GD 


300ns max. 


ens sons 


SECTION 4 


' ~s) 


FLM 


CL1 


FLM 


DO~D3 


Fig. G6 Interface timing 
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TIMING CHARACTERISTICS 


Item Min. Typ. 

CL2 pulse width 150 | le 
Clock rise, fall time ee ee ee eee 30 

p00 | 

a a 

ae eee 

a 

eae Sa ed 


Unit 


Data set up time 
Data hold time 
M delay time 
FLM hold time tEH | 2000 


-_ \ 2 Tr 
UD0~UD3 | E (.rt—‘sCiC 


tcyc 


FLM 


Fig. 7 Interface timing 
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FEATURES 


M 640(W) dots x 200(H) dots graphic and alphanumeric display 
@ Attachable controller: HD63645F 


MECHANICAL DATA (Nominal dimensions) 


Module size ............... 270W x 104H x 11T (max.) mm 
Effective display area..............05. 236.4W x 78.0H mm 
Number of dots ..............0. 000 cee 640W x 200H dots 
DOUS120s.2 ec at ew Re eet ee bee .0.338W x 0.33H mm 
DOUDICK: S:a7 a4 seed OE ea hee as 0.36W x 0.36H mm 


ABSOLUTE MAXIMUM RATINGS 


min. max. 
Power supply for logic (Vpp - Vss) .--- +--+» -0.3 7.0V 
Power supply for LCD drive (Vpp - Veg) ..... -0.3 28.0V 
Input voltage (Vi) (Note 1) ................ -0.3  Vpp+0.3V 
Operating temperature (Ta) (Note 2) .............. O0~ +40°C 
Storage temperature (Tstg) (Note 3) ............ -20~ +60°C 
Humidity (Note 4)... 0.0... ee No dew 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vop = 5.0+0.25 V, VEE = -21.541V 


Input “high” voltage (Vij)... 0.2... 0 0 eee, 0.7 xX Vpp V max. 
Input “low” voltage (Vij)... 2. ee 0.3 x VppV max. 
Power supply current for logic (Ipp) (Note 2).......... 8 mA typ. 
Power supply current for LCD drive (leg) (Note 2)...... 7 mA typ. 
Frame frequency (fe_y)... ee ee ee 65 Hz min. 
70.Hz typ. 
75 Hz max. 

Power supply for LCD drive (Recommended) (Vpp — Vo) 1/200 

Duty (Note 3) 

Nees. “ORC es ta ete hea be ete eee ees 23.0 V typ. 
Nas 29°C shad sawed binge Gate tine ooo 21.7 V typ. 
Ve AOS G 8c eer a Gea te Gee gee pacer ee aa 20.8 V typ. 


Notes 1. Applied to CL1, CL2, DO~ D3, FLM and M. 
2. Von = +5V, Voy - Vo = 23V, DO~D3 = 1010, FLM = 70 Hz 
3. Viewing angle = 10° 


71.97 +0.1 


Notes 1. Applied to CL1, CL2, DO~ D3, FLM and M. 
2. The color of the display may change into blue if operated at maximum 
temperature. 
3. Do not leave it for more than 168 hrs. at 60°C. 
4. Ta<40°C..... 85% Rmax. 


Ta>40°C..... Absolute humidity must be below absolute humidity of 
85% RH at 40°C. 
OPTICAL DATA .. 0... ccc ees See page 15 


Pin No.| Symbol _| Levet_ 


| Function 
a 
Data 
[| ningoteacnsplay yee 
ning of each display cycle. 
LHL | C i 
HL 
| ClL2 | H=L | Datashift 
EO d jData sd 
a a 
| Voo | — | Powersupply fortogic circuit 
| Mss | = [Ground 
| Vee | — | Powersupply for tC driving 
<s : 


Operating voltage for LC driving 


H i a 
H/L ontrol signal for AC driving 


Unit : mm 


Fig. 1 Display pattern 
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7.5+0.5 255.0£0.5 
240.0+0.5 


236.4 Min. (Effective Dispiay Area) 


1. 
230.37 (0.36 x 640-0.03) 11.0 max 


3.5 max. 


4.540.5 


OS i AS A TT A ATEN cate 


92.0405 
81.5+0.5 
98.0+0.3 


tbe SeRANTEELLLETRENENTIND CNG ENARRLLENEREENSLONERSLILIOETEETTED MEISE SOS ITEC A SASASLSSNSASSRONONOAAIENOTEENGSD, GANS GMIDSMLEDSEIESNSNOCSRSNDSNSEEUSESED © SSA SSUURSLLDSRGEAEIDSIGGMEENSGND, © iD, 


we etaasu 


149.0+0.3 
129.0£0.3 


6.040.3 258.0 0.3 


Unit: mm 
Scaie: NTS 


Fig. 2 External dimension 


DO~D3 


| circuit 


Vss 

Voo Power 
Vo 4 supply 

VEE 


Fig. 3 Block diagram 


LM280X 


*VR:10~20k2 Fig. 4 Power supply 
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Observe the following sequencing when turning power supply on and off. 


aV 


0~50ms 


Valid data 


CL2 G | | 
X200 X2 


a GD €:) 6) GD GS GS Gp GD GD <<) €) GD 
pe X KehweX NX NX X KX KveeveX 
Ta a €) €2 GS G2 GS G) GD GD <) €) 


»3Q@G0000C 08 


300ns max. 


2us min. 200ns min. 
ka 


CL1 


FLM 


D0~D3 


- Fig. 6 Interface timing 


HITACHI 123 


SECTION 4 


LM280X 


TIMING CHARACTERISTICS 
Item : ae Symbol Min. Typ. 


CL2 cycle time 410 

CL2 pulse width | tcewH | 50 

CLI set up time Ptsour | 180 
| 180 
as 


Unit 


CL1 hold time 
Clock rise, fall time 
Data set up time | tosu | 10 
Data hold time tDH | 400s 
M delay time ee ae 
FLM hold time pte | 200 


300 


WwW 
io) 


CL1 


tcwH tscni fHCLI 
CL ae | 
— |) FJ 
UD0~UD3 as : 
tcM 
tcyc 


tH 


ho 


FLM 


Fig. 7 Interface timing 
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FEATURES 


M 640(W) dots x 400(H) dots graphic and alphanumeric display 
@ Attachable controller: HD63645F 


MECHANICAL DATA (Nominal dimensions) 7 


av’ 


Module size.............. 270W x 198H x 11.0T (max.) mm 
Effective display area................ 236.0W x 153.6H mm 
Number of dots ..............00 000 eee 640W x 400H dots 
DOUSIZE $425. wee io eh a eee ney aes 0.33W x 0.33H mm 
DOE DICH: incr dncen saa ee tees 0.36W x 0.36H mm 
WIGHT: 4 ane 2.04 cra ew ake antl a eed hea bees 540 g 


ABSOLUTE MAXIMUM RATINGS 


min. max. 
Power supply for logic (Vpp - Vss) ...------ -0.3 7.0V 
Power supply for LCD drive (Vpp - Veg)... - - -0.3 28.0V 
Input voltage (Vi) (Note 1) ................ -0.3) Vpp + 0.3V 
Operating temperature (Ta) (Note 2) .............. 0~ +40°C 
Storage temperature (Tstg) (Note 3) ............ -20~ +60°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0V+0.25V, Veg = -21.5V41V 


Input “high” voltage (V)4) (Note 1).......... 0.7 x Vpp V max. 
Input “low” voltage (Vi). ....-..--22200 eee 0.3 x VppV max. 
Power supply current for logic (Ipp) (Note 4).......... 8 mA typ. 
Power supply current for LCD drive (Ipc) (Note 4)... ... 7 mA typ. 
Frame frequency (fei)... ee eee 65 Hz min. 
70 Hz typ. 
75 Hz max. 

Power supply for LCD drive (Recommended) (Vpp — Vo) 1/200 

Duty (Note 5) 

Vad OG eke eka eeale SAW a a Goatees 23.0 V typ. 
1A S25 Cie oS ae ee Be 4 a ehces 21.7 V typ. 
la A 07G fankaes Gaui aaol he pe aie ae besten amie 20.8 V typ. 


143.97+0.1 


Notes 1. 
2. 


Applied to CL1, CL2, UDO ~ UD3, LDO ~ LD3, M and FLM. 
The color of the display may change into blue if operated at 
maximum temperature. It is recommended to use between 
0°C and 40°C. 


. Do not leave it for more than 168 hrs. at maximum or mini- 


mum temperature. 


. Vop = +5V, Vop — Vo = 23.0V, UDO ~ UD3, 


LDO ~ LD3=1010..... ,fELM = 70 Hz. 


. Viewing angle = 10° 


OPTICAL DATA .............0.0 00a See page 15. 


230.37 +0.1 


Fig. 1 Display pattern 
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UDO ~ UD3 
(1) (4) Data (Upper half) 
E The FLM signal indicating the be- 
ginning of each display cycle 


NC 
LM 
CL2 


(74 [_vop |= [Power sopy for ope creut 
a ee 
18 [Vee | — | Powersupply for LC arving 
a Ine A 

sn 


Control signal for AC driving 


H 
H 


Operating voltage for LC driving 


Unit :mm 
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266 020.3 
258.0 
253.0 


270.0 


X 2.54Pitchx4 9 
1 (Area of connector 
i | location) 
al nm arene nearer ar 
i 
| 
1 . 
| c 
| 
00 A | 
400. oe wei ote oy PE 
a eens 


° 


270.0 
258.0 
240.0 


Fig. 2 External dimension 


nicl 


> 
a Sere eee eer 
UD3,UD2,UD1,UD0 


UD0~UD3 


LDO0~LD3 


Note: Interface timing circuit Fig. 3 Block diagram 


LM282X 


*VR:10~20k2 Fig. 4 Power supply 
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Observe the following sequencing when turning power supply on and off. 


0~50ms 0~50ms 


Fig. 5 Voltage sequencing 


CL1 


CL2 
X200 


UD3 eee nea anreaaed oe ee C_) 
ub2 C keXeX KX KX X KX XXX) 
a, Ca C2), Cid Gi GD GD Gi GD 

uo KX _ KKK XX X KX KKK XK _) 
ups _X_XrerXveeX X X X KX KKK XK) 
uz X_ reer X KX KX NX KB OX) 


wr KX _KeXeaX XX XY 
TD GD GD GD GD GD GRD 0.) Gs aD 


300ns max. 


M 
a — 


FLM 


(Reduction) 
~ ok Oe epee! 


M iia Carne sere on 


Fig. 6 interface timing 
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TIMING CHARACTERISTICS 


FLM hold time 


CLI 


{Sci tHCLI 
ty 


CL2 


LDO0~LD3 


UD0~UD3 


tcM 
tcyc 


FLM 


Fig. 7 Interface timing 
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This is asegment type LCD module containing 
the controller LSI for numerical display. 


@ LM039 
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‘a 7 segment x 16 digits 
= Controller LSI uPD7225G is built-in 
@ +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ....... 87.0W x 27.5H x 11.0T (max.) mm 
Effective display area ........... 64:7W x 13.3H mm 
Character size 1... 1... ee ee 2.2W x 6.4H mm 
Character pitch... 0... ee 3.9mm 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp —Vss) ....... 0 7.0V 
Input voltage (Vi)... 0... 0.0.2... eee eee Vss Vpp V 
Operating temperature (Ta) ............. 0 50°C 
Storage temperature (Tstg)............ —20 70°C 


ELECTRICAL CHARACTERISTICS 
Ta=25 °C, Vpp = 5.0 V £0.25 V 
Input “high” voltage (Vj4y).......206- 0.7 VpopV min. 


Input “low” voltage (Vi_) .....-...-- 0.3 Vop V max. 
Output “high” voltage (Voy) 

(—low = 10 LA) ar ee ae ee ee eee Vop — 0.5 V min. 
Output “low” voltage (Vo) 

(lo, =1OO MA) 2... ce ee ee ee 0.5 V max 
Power supply current (Ipp) 

(V Boor OV bead BEEP ES Be 0.21 mA typ. 
Power supply for LCD drive (Recommended) (Vpp — Vo) 

Du = 1/4 


87.0£0.5 
82.04 0.3 


(75.0) 


27.5 +05 


(58.5) 


| Pin No. | 
a 
eel 
ed 
feted 
ee 
a 
| 8 
ee 


Power supply for LCD drive (Recommended) (Vpp — Vo) 


Duty = 1/4 
Pee OC boeken sd eae cee Ree ee 3.32 V typ. 
Tae 20 Cie e ieee barra ee cee bes 3.15 V typ. 
Ta=50°C .........-.. On Seer 2.70 V typ. 


INTERNAL PIN CONNECTION 


a 
Von | Powersupply postve GV) 
[vo | Le ervingvottee 
Sex| ser dookinpue 
si 
s_ 
fos 


Chip select input 


Cc Command/Data select 


/ 
RES 


D 
ET Reset input 


Unit: mm 


4- 92.2°0? 


Fig. 1 External dimension 


Unit: mm 


Fig. 2 Display pattern 
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Vpp — Vo: LCD driving voltage 
VR: 10kQ ~ 20kQ2 


Fig. 3 Power supply 


—_ me ae a we ee | ee | | ne = nee ll ine aaa Om as ee 


<a 
Pi 


— oe ae ee eee ieee eee er 


INTERFACE TIMING 


FC 
a 
cca aA" eae ee 
TsinosinearerseR Fs a 
[an 56k T>BUSY bawovtme |e | cus |) 
EST BUSY Feciyime «dt tocse | ens |) 
a 

[ere nassinestwrem sex Feo 


CS pulse width high tWHCS es 
wees | 


cs pulse width low 
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"Test 
points 


Fig. 5 A.C Timing Measurement voltage 


tspk 


Fig.6 Timing waveforms 


Note : Power on sequence LS isie 
(1) Power supply voltage should be applied 
to LCD module as figure 7. 
(2) Input signals should not be applied to 
LCD module before power supply voltage 
is applied and reaches to specified 
voltage (5V +0.5V). 
If above sequence is not kept, C-MOS LSlIs 
of LCD modules may be damaged due to latch up problem. 


Fig. 7 Power supply voltage 


134 @ HITACHI 


LM039 


DEOODED DISPLAY RAM DATA 


Display 4-backplane multiplex Display 4-backplane multiplex 
byte | Character a ae a RAM address byte | Character pepiey RAM address 


se wer ow || 
a [sa 
7 


Oo 


oo) 6g se Ulloc) 6 


SECTION 5 


Fig. 8 Connection diagram 
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COMMAND 


Command 


1. MODE SET 


LMO039 


Instruction code 
Description 


Binary 
D; De Ds Da D3 Do Di Do 


010000 1 0 


Initialize the «PD7225 42 


1) LCD Drive Configuration 
2) LCD Bias Voltage Configuration 
3) LCD Frame Frequency 


2. UNSYNCHRONOUS 
DATA TRANSFER 


3. SYNCHRONOUS DATA 


Synchronize Display RAM data transfer to Display Latch 
with CS 


Synchronize Display RAM data transfer to Display Latch 00 1 1 
TRANSFER with LCD Drive Cycle 
4. INTERRUPT DATA Interrupt Display RAM data transfer to Display Latch 0 OO 1 1 
TRANSFER 
5.LOAD DATA POINTER Load Data Pointer with 5 bits of Immediate Data 4 
6. CLEAR DISPLAY RAM Clear the Display RAM and reset the Data Pointer 0 O 
7. WRITE DISPLAY RAM Write 4 bits of Immeditae Data to the Display RAM 1 1 0 4 
Location addressed by the Data Pointer: Increment Data 
Pointer 
8. AND DISPLAY RAM Perform a Logical AND between the Display RAM data 1 0 0 1 D3 Dez D; Do 90 ~ SF 
addressed by the Data Pointer and 4 bits of Immediate 
Data: Write result to same Display RAM _ Location. 
Increment Data Pointer 
9.OR DISPLAY RAM Perform a Logical OR between the Display RAM data 1 0 1 #1 D3 De Di Do BO ~ BF 
addressed by the Data Pointer and 4 bits of Immediate 
Data : Write result to same Display RAM Location : Incre- 
ment Data Pointer 
Fo VON ESP PPE a ee BECP piers ey pan bbe a Pee eR NAOT at oe _ —- a - “ a as Sheesh ae 
10. ENABLE SEGMENT Start use of the Segment Decoder 000 10 1 0 41 15 
DECODER | | 
11. DISABLE SEGMENT Stop use of the Segment Decoder 00010100 14 | 
DECODER | 
12. ENABLE DISPLAY 7 Turn on the LCD 00010 0 0 1 11 
Ca Sieee Set oe z adenine a ae. i eee ne ae eet mae eee : eae | 
13. DISABLE DISPLAY Turn off the LCD 000100 0 0 10 | 
Sone ete aEaaen ene a NaS sae ee EL einai cas ener NCE NER ON EEE See 
14. CLEAR BLINKING RAM Clear the Blinking RAM and reset the Data Pointer 00000 0 0 0 00 
. WRITE BLINKING RAM Write 4 bits of Immediate Data to the Blinking RAM 1 1 0 0 D3 D2 D; Do CO~CF 
Location addressed by the Data Pointer : Increment Data | 
Pointer 
. AND BLINKING RAM Perform a Logical AND between Blinking RAM data 10 0 Q D3 D2 Di Do 80 ~ 8F 
addressed by the Data Pointer and 4 bits of Immediate 
Data : Write result to same Blinking RAM Location : 
Increment Data Pointer 
17.OR BLINKING RAM Perform a Logical OR between Blinking RAM data addre- 1 0 1 +O D3 Dez D; Do AO~ AF 
ssed by the Data Pointer and 4 bits of Immediate Data : 
Write resuit to same Blinking Location : Increment Data | 
Pointer 
. ENABLE BLINKING Start Segment Blinking at the Frequency Specified by 1 0001 1 0 1 Do 1A~1B 


roe 


. DISABLE BLINKING 
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bit of immediata Data 


anne ni nnn tna ne ntti mene athe 


Stop Segment Blinking 
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This is a dot matrix LCD module containing the 
controller LS! HD44780 (LCD-II) for character dis- 
play. Functions such as control, refresh, and dis- 
play are operated by the built-in controller LSI, 
HD44780 (LCD-II). 


This LCD module can display 160 type JIS charac- 
ters and symbols and 32 type special characters 
and symbols. This LCD module can be interfaced 
to the 4-bit or 8-bit MPU, so the character display 
and the display shift can be easily operated by us- 
ing control commands. This LCD module also con- 
tains the character generator RAM, hence user’s 
patterns can be displayed. 
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LMO054 


™ 8 character x 1 line 
® Controller LS] HD44780 is built-in (see section 6). 
m +5 V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ........... 84W x 44H x 12D (max.) mm 
Effective display area ............ 61W x 15.8H mm 
Character size (5 x 7 dots) ......... 6.45W x 9.4H mm 
Character pitch ......... oe eae es 7.15 mm 
DOUSIZE® oxi id ark & HH Sk, Hele BS 1.25W x 1.3H mm 
WeIGKE..cc mae by 6.25 ela sents aoe eee ae about 25 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp—Vss) ....-.-- 0 7.0V 
Power supply for LCD drive (Vpp—Vo)....- - 0 13.5 V 
Input voltage (Vi)... . 0.2.2.0... eee Vss Vpp V 
Operating temperature (Ta) ............. 0 50°C 
Storage temperature (Tstg)............ —20 70°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp =5.0 V £0.25 V 


Input “‘high’”’ voltage (Vi). .........208. 2.2 V min 
Input “low” voltage (Vip) ..........006- 0.6 V max 
Output high voltage (Voy) (—loH = 0.2 mA) . 2.4 V min. 
Output low voltage (Vo,_) (lo, = 1.2 mA) ... 0.4 V max. 
Power supply current (Ipp) (Vpp = 5.0 V) .. 1.0 mA typ. 
2.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp—Vo) 
Duty = 1/8 
Tae 00°C wists o eay anh adie wed 4.2 V typ 
Ta= 20 © tic hewsaa vesaetess 3.7 V typ 
Va 50 © huh ou bah tea eee ta 3.2 V typ 
OPTICAL DATA ............0.0 02 eee See page 15. 


84.0 1.0 


INTERNAL PIN CONNECTION 


Pin No. | Symbol Level Function 
C1 [vs | - | wv | 
2 Vopo _ +5V Power supply 
3 ie Vo — | oo 
L: Instruction code input 
| # RS H/L | H: Data input 
H: Data read (LCD module>MPU) 
: | R/W H/L L: Data write (LCD module MPU) 
| is Beers 
| 6 E H, HL Enable signal 
Sores eal sneer alist eae 
| 7 DBO H/L 
8 DB1 H/L 
9 DB2 H/L 
cc DBs Bile Data bus line 
11 DB4 H/L Note (1), (2) 
12 DB5 H/L 
13 DB6 H/L 
14 DB7 H/L 


Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB, ~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB.. 


Unit: mm 


61.04 0.5 


79.0£0.5 


36.0 + 0.3 


44.0+1.0 


1.6+0.2 ie 4dmax* 


2- $2.5 


*IC height 


Fig. 1 External dimension 
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Unit: mm 


Fig. 3 Block diagram 


SECTION 5 


Vpp-Vo: LCD driving voltage 
VR: 10kQ2~20kQ 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


Enable cycle time Fig. 5, Fig. 6 


us 


Enable pulse width PWEH Fig. 5, Fig. 6 
Enable rise/fall time ter, ter Fig. 5, Fig. 6 
RS, R/W set up time tas Fig. 5, Fig. 6 | 


Data delay time toDR 


Data set up time 


Hold time Fig. 5, Fig. 6 


RS 


R/W 


DBo~ DB? 


Fig.5 Interface timing (data write) 


R/W 


DBo~ DB7 


Fig.6 Interface timing (data read) | 
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H2570 


™ 16 character x 1 line 
= Controller LS! HD44780 is built-in (See section 6). 
m +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ............ 80W x 36H x 12D (max) mm 
Effective display area ........... 64.5W x 13.8H mm 
Character size (6x 10 dots) ........ 3.15W x 7.9H mm 
Character piten: i434 sare ee ee Sales boo eA 3.75 mm 
DOUSIZ6. aoc fe teci o- H ee a Re e 0.55W x 0.7H mm 
NVCI QUES «6:58, itty: sete ae ai ew We oe Gi Be deaths. Oh a about 25g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vop—Vss) ... 0 7.0V 
Power supply for LCD drive (Vpp—Vo) . 0 13.5 V 
Input voltage (Vi) ...........0.. Vss Vpop V 
Operating temperature (Ta) ........ 0 50°C 
Storage temperature (Tstg).......... —20 70°C 


ELECTRICAL CHARACTRISTICS 
Ta = 25°C, Vop =5.0V+0.25 V 


Input “high” voltage (Vi,)........0..04. 2.2 V min. 
Input “low” voltage (Vi, ) ...........004 0.6 V max. 
Output high voltage (Voy) (—loy = 0.2 MA) .. 2.4 V min. 
Output low voltage (Vo, ) (lop = 1.6 mA)... . 0.4 V max. 
Power supply current (I5p) (Vpp = 5.0 V) .. 0.5 mA typ. 

2.0 mA max. 


Power supply for LCD drive (Recommended) (Vpp—Vo) 
Duty =1/8 Duty = 1/11 


TAO. Coe gases ats 3.95 4.15 V typ. 
Th 95 Cesena 3.7 3.8V typ. 
Ta=50°C ......... 3.3 3.3V typ. 
OPTICAL DATA ...... 2. ccc eee See page 15. 


36.0 + 1.0 
31.0+40.3 


Fig. 1 Display pattern 
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INTERNAL PIN CONNECTION 


Function 


Power supply 


: Instruction code input 
H: Data input 


H: Data read (LCD module MPU) 
L: Data write (LCD module MPU) 


Enable signal 


Data bus line 
Note (1), (2) 


Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


80.0 £ 1.0 


*IC height 


Fig. 2 External dimensions 
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HD44100 


Vpp-—Vo: LCD driving voltage 
VR: 10k2~20k2 


Fig. 4 Power supply 


Fig. 3 Block diagram 


TIMING CHARACTERISTICS 


Enable cycle time 


teyc 


Data set up time 


Fig. 5, Fig. 6 1.0 


Fig. 5, Fig. 6 


Hold time 


RS 


R/W 0.6V : 0.6V 


DBo~ DB7 


tcyc 


Fig.5 Interface timing (data write) 


2.4V 
(| Valid Data ’ 
0.4V 


tcrc 


Fig.6 Interface timing (data read) 
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LMO1S 


= 16 character x 1 line 
= Controller LS! HD44780 is built-in (See section 6). 
m +5V single power supply 


‘ 


MECHANICAL DATA (Nominal dimensions) 
Module size ...........4. 80W x 36H x 12D (max) mm 
Effective display area ........... 64.5W x 13.8H mm 
Character size (5x 7 dots) ......... 3.15W x 5.5H mm 


Character pitch: cs: cde. ee SS wee 3.75 mm 
DOUSI26 5 34 ee ae os oie Bee 0.55W x 0.7H mm 
WV GIOING “so fe Gd ees a ce ae a Wee eee oe Se about 25g 
ABSOLUTE MAXIMUM RATINGS — min. max. 
Power supply for logic (Vp5p—Vss) .. . 0 7.0V 
Power supply for LCD drive (Vpp—Vo) . 0 13.5 V 
Input voltage (Vi)... 0... .. 0.00008. Vss Vopo V 
Operating temperature (Ta) ........ ; Oo 50°C 
Storage temperature (Tstg).......... —20 70°C 
ELECTRICAL CHARACTERISTICS 
Ta=25 C, Vop = 5.0V + 0.25 V 
Input “high” voltage (Vi,)...........2-. 2.2 V min 
Input “low” voltage (Vi_) ...........00. 0.6 V max 


Output high voltage (Voy) (—loy, = 0.2 MA)... 2.4 V min. 
Output low voltage (Vo,_) (lopL= 1.6 mA) .... 0.4 V max. 
Power supply current (Ipp) (Vpp = 5.0 V) .. 0.5 mA typ. 
2.0 mA max. 
Power supply for LCD drive (Recommended) (v,,,—V,) 


Duty = 1/8 
Ta = OC ko iw wiened & acs 3.95 V typ. 
a= 25 © eit wiaheetw oe 3.7 V typ. 
TAH 50 Chica vines. etwies 3.3 V typ 
OPTICAL DATA .............. 02008 See page 15 


INTERNAL PIN CONNECTION 


ve [- | w 


L: Instruction code input 
H: Data input 


H/L H: Data read (LCD module->MPU) 
L: Data write (LCD module<MPU) 


ef eR AaL 
7 


Enable signal 


Data bus line 
Note (1), (2) 


Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB.,. 


Unit: mm 


SECTION 5 


Fig. 1 Display pattern 
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LM015 


Unit: mm 


80.04 1.0 


31.0+0.3 


1.6£0.2 
pats 59.4+0.2 


64.540. 


4.0max * 


*IC height 


Fig.2 External dimensions 


\werere 
oe HD44100 


Fig. 3 Block diagram 


Vpp-Vo: LCD driving voltage 
VR: 10k2~20k2 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


Enable cycle time 
Enable pulse width 
Enable rise/fall time 


RS, R/W set up time 


Data delay time 


Data set up time 
Hold time 


LM015 


Fig. 5, Fig.6 


Fig. 5, Fig.6 


Fig. 5, Fig.6 


2.2V 228 
Valid 
0.6V re: 0.6 


reve 


Fig.5 Interface timing (data write) 


Fig.6 Interface timing (data read) 
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LMS68AF 


= 16 character x 1 line 
= Controller LS! HD44780 is built-in (see section 6). 
= +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 
Module size ......... 122W x 33H x 12.0T (max.) mm 


Effective display area .............. 99W x 13H mm 
Character size (5 x 7 dots) ........ 4.84W x 8.06H mm 
Character Diten: <x.4.6- gecko a es eis Baws Agee a eae 6.0 mm 
DOE SIZ6: 5 623.6 bh es 2 alelea Sa ee 0.92W x 1.1H mm 
WOIGKE 5 ccc Ware ieee oe eee oe a about 50 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp—Vss) ... 0 7.0V 
Power supply for LCD drive (Vpp—Vo) . 0 13.5V 
Input voltage (Vi) ............00.6- Vss Vpp V 
Operating temperature (Ta) ......... 0 50°C 
Storage temperature (Tstg) .......... —20 70°C 
ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vop = 5.0V + 0.25 V 
Input “high” voltage (Vi,)..........0065 2.2 V min 
Input “low” voltage (Vi_) ..........2-4- 0.6 V max 


INTERNAL PIN CONNECTION 


Level 
—— 
ik: Spas 
Ee 


Fu ae aa | 


Power supply 


L: Instruction code input 
H: Data input 


H: Data read (LCD module>MPU) 
L: Data write (LCD module <MPU) 


Enable signal 


Data bus line 
Note (1), (2) 


Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB.,. 


Unit: mm 


Fig. 1 Display pattern 


Output high voltage (Voy) (—loy = 0.2 MA). . 2.4 V min. 
Output low voltage (Vo) (lop = 1.2 mA)... . 0.4 V max. 
Power supply current (Ipp) (Vpp =5.0 V) .. 1.0 mA typ. 
2.0 mA max. 
Power supply for LCD drive (Recommended) (Vo5p—-Vo) 
Duty = 1/8 
1320 C tiduitouneaeees 4.1 V typ 
Ta20°C nnaecetcsauead 3.9 V typ 
T= 50 C ices dence 3.7 V typ 
OPTICAL DATA: 66. 5.ice eA eee Se ONS See page 15 
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7.9+0.5 


2.0+0.3 


33.0+0.5 
9 66 *° 1 


4 ~ $3.5+0.3 


LM568AF 


122.040.5 
115.0+0.3 


99.0+0.3 


94.84+0.1 
14— g1.0+0.3 


= 


Fig. 2 External dimension 


a 


Fig. 3 Block diagram 


Fig. 4 Power supply 
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Unit: mm 
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VDD — Vo: LCD driving voltage 
VR: 10kQ ~ 20k2 
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TIMING CHARACTERISTICS 


Enable pulse width 
Enable rise/fall time 
RS, R/W set up time 
Data delay time 
Data set up time 


Hold time 
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Fig. 5, Fig.6 


Xx Valid Data ) pies 
0.6V 


tcyc 


Fig.5 Interface timing (data write) 


PWew 


tere 


Fig.6 Interface timing (data read) 
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LMO20L 


™ 16 character x 1 line 
# Controller LS! HD44780 is built-in (see section 6). 
m +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ........... SOW x 36H x 12T (max.) mm 
Effective display area ........... 64.5W x 13.8H mm 
Character size (5 x 7 dots) ........ 3.07W x 5.73H mm 
Characrér pitch nse cae doe Sok O48 BESS Me ws 3.77 mm 
DOE SIZE ene ip hee OO eRe ae 0.55W x 0.75H mm 
WEIGRE: 6-6 has Wee hl ae ee ee & ADOT 259 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp—Vss) ....-...- 0 7.0V 
Power supply for LCD drive (Vpp—Vo)..... 0 135V 
Input voltage (Vi)... ... eee ee eee, Vss Vpp V 
Operating temperature (Ta) ............. 0 50°C 
Storage temperature (Tstg)............ —20 70°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0 V + 0.25 V 


Input “high” voltage (Vi). ..........0.0. 2.2 V min. 
Input “low” voltage (Vip) 2... 0.2... 0 ee 0.6 V max. 
Output high voltage (Voy) (—loy = 0.2 MA) . 2.4 V min. 
Output low voltage (Vo_) (Io, = 1.2 mA) ...0.4 V max. 
Power supply current (Ipp) (Vpp = 5.0 V) .. 1.0 mA typ. 
2.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp—-Vo) 
Duty = 1/16 
Va OC. 465 624 ee hua tah Se % 4.6 V typ 
ae 25 CG wanes eel awe ee iaues 4.4V typ 
1a=60 C co 5cxbenaseoneeedas 4.2 V typ 
OPTICAL DATA ........ 2... eee See page 15 


36.0+ 1.0 


4.0max * 


80,0 $1.0 


64.5+0.3 


INTERNAL PIN CONNECTION 


<_< 


: Instruction code input 
H: Data input 


H: Data read (LCD module MPU) 
L: Data write (LCD module <MPU) 


Data bus line 
Note (1), (2) 


Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 


(1) 


When interface data is 4 bits long, data is transferred using only 4 
buses of DB, ~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


Unit: mm 


*IC height 


Fig. 1 External dimension 
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[ILL LILI 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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TIMING CHARACTERISTICS 


DBo~ DB7 


LMO20L 


Fig. 5, Fig.6 


Fig. 5, Fig. 6 


2.2V 
0.6V 


0.6V 


2.4V 
i t 


Fig.6 Interface timing (data read) 
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SECTION 5 


LMO/70L 


@ 20 character x i line 
® Controller LS] HD44780 is built-in (See section 6). 
@ +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size.......... 105W x 39H x 11T (max.) mm 
Effective display area ............- 84W x 13.0H mm 
Character size (5 x 7 dots) ..........3.2Wx 5.2H mm 
Character pitch ...............00. S.... 3.9mm 
DOU SIZE 5. su.2. pig: Be aei Uae Wt ate, apse -. 0.6W x 0.7H mm 
WEIGH sink Boosh oc os Sk ha ERR EES HO about 50g 
ABSOLUTE MAXIMUM RATINGS min. max, 
Power supply for logic (Vpp—Vss) ........- 0 65V 


Power supply for LCD drive (Vpp—Vo)..... 0 65V 

Input voltage (Vi)... . 2.0.2... 00022 ee Vss Vpop V 

Operating temperature (Ta) ............. 0 50°C 

Storage temperature (Tstg)............ —20 70°C 
ELECTRICAL CHARACTERISTICS 

Ta = 25°C, Vpp =5.0 V £0.25 V 

Input ‘high’ voltage (Viy)...........0.- 2.2 V min 

Input “‘low” voltage (Vip) ..........00 0 0.6 V max 

Output high voltage (Voy) (—loy =0.2 mA) . 2.4V min. 

Output low voltage (Vo_) (lop = 1.2 mA) ...0.4 V max. 


Power supply current (Ipp) (Vpp =5.0 V) . .2.0 mA typ. 


3.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp—Vo) 
Duty = 1/8 

Wa) 0 C2 tis es ate deere. ed anne 3.95 V typ. 

Med = 29. Co ints cn wrench ee ahha 3.70 V typ 

Wa 50: Coton caesar nae ae Bees § 3.30 V typ 

OPTICAL DATA ................0000. See page 15 
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a ee | a eae |e 
Bees 2 eee 
Ey) Ea ea 
|e | ee 
LI LILI 


Fig. 1 Display pattern 


INTERNAL PIN CONNECTION 


L: Instruction code input 
H: Data input 


H: Data read (LCD module MPU) 
L: Data write (LCD module MPU) 


9 
10 DBS Data bus line 
11 DB4 H/L Note (1), (2) 
13 | oBs | HL 
14 DB7 H/L 
Notes: 


In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


Unit: mm 


3.2 0.7 


ee se ee ee 
ene 
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LMO70L 


105.0 
100.0+0.3 
94.0+0.3 
84.0+0.3 
77.340.1 


13 X P2.54 = 33.02 


4—R1.0max. 


_~ 
fos) 
m 
~ 


\ 4-—92.7+0.3 


Fig. 2 External dimension 


Se cernenticereene times tit emmeestii anes tt cee I ee I an ce eel 


MSM5259 MSM5259 


‘een mens meme erme went merit, acts mbar Ahnu: my nn) SORES SENDS On, NOOR, cs, ees 


Fig. 3 Block diagram 


Fig. 4 Power supply 
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Unit: mm 


11.0 max. 


Rf=91kQ 


VppD — Vo: LCD driving voltage 
VR: 10kQ ~ 20kQ 
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LMO70L 


TIMING CHARACTERISTICS 


Enable cycle time teye Fig. 5, Fig.6 
Enable pulse width PWEH Fig. 5, Fig.6 


RS, R/W set up time Fig. 5, Fig.6 


Enable rise/fall time | terter | Fig. 5, Fig. 6 


TON 
RS 2.2V 2,2V \ 
0.6V 0.6V 
tas - alt, 
R/W 
t ().6V f0.6V 


PWeH tH 
c tky 
aN 


Fig.6 Interface timing (data read) 
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LMO3s 


@ 20 character x 1 line 
= Controller LS! HD44780 is built-in (see section 6). 
@ +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ..... 182W x 35.5H(max.) x 13D (max.) mm 
Effective display area .......... 154.0W x 15.3H mm 
Character size (5 x 7 dots) .......... 6.7W x 9.4H mm 
Character pitch .........0...0 00 eee ee ee 7.4mm 
DOU SIZO™ 5.3 3 ae Be See ek Sas 1.3W x 1.3H mm 
NV OIG IAG. we asa ere at te Ae a nee ee ee ee a about 65 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp—Vss) .......-.- 0 7.0V 
Power supply for LCD drive (Vpp—Vo)..... 0 13.5V 
Input voltage (Vi)... ... ee ee ee Vss Vpp V 
Operating temperature (Ta) ............. 0 50°C 
Storage temperature (Tstg)............ —20 70°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp =5.0V +0.25 V 
Input ‘‘high”’ voltage (Vin). ..........26. 2.2 V min. 


Input ‘“‘low” voltage (ViL) .............. 0.6 V max 
Output high voltage (Voy) (—loy =0.2 MA) . 2.4 V min. 
Output low voltage (Vo,_) (lo, = 1.2 mA) . 0.4 V max. 
Power supply current (Ipp) (Vpp =5.0 V) .. 2.5 mA typ. 
5.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp—Vo) 
Duty = 1/8 
Te] 0 © ucnvn aren cned uns oa 4.1 V typ. 
WS 26 veo a hain es as 3.7 V typ 
14 50'C sc cease etapa acne 4 3.1 V typ 
OPTICAL DATA ............. 0.02 eee See page 15 


INTERNAL PIN CONNECTION 


ne, [Sve [ tm 


Function 


Power supply 


Instruction code input 
H: Data input 


H: Data read (LCD module >MPU) 
L: Data write (LCD module <-~MPU) 


| 6 | o£ | Enable signal 
mee 
8 DB1 
9 DB2 
10 H/L Data bus line 
11 DB4 H/L Note (1), (2) 
2 | DBs) HL 
13 | DB6 H/L 
14 H/L 
Notes: 


In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~ODB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


Unit: mm 


Fig. 1 Display pattern 
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Unit: mm | 


15.3+0.3 


4.0max * 


175.0+0.5 
*IC height 


182.0 + 1.0 


Fig. 2 External dimension 


Vop 


Vpp-Vo: LCD driving voltage 
VR: 10 k2 ~ 20 kQ 


Fig. 3 Power supply 


o> 
aT 
ln 


Fig. 4 Block diagram 
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TIMING CHARACTERISTICS 


Enable cycle time teyc Fig. 5, Fig.6 
Enable pulse width PWEH Fig. 5, Fig. 6 


Enable rise/fall time Fig. 5, Fig.6 


RS, R/W set up time 


Data delay time 
Data set up time 
Hold time 


2.2V 


DBo~ DB? 0.6V 


tcYc 


Fig.5 Interface timing (data write) 


SECTION 5 


tcyc 


Fig.6 Interface timing (data read) 
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@ 24 character x 1 line 
® Controller LSI HD44780 is built-in (see section 6). 
w +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ........... 126W x 36H x 12T (max.) mm 
Effective display area ........... 100W x 13.8H mm 
Character size (6x 10 dots) ........ 3.15W x 7.9H mm 
Character pitch ............-02.0002+2+. 3/5 mm 
DOUSI20). oi a a eR 2d ree Se ee 0.55W x 0.7H mm 
WOOKt 3.6 ests eee os SSE oe a about 40 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp—Vss) ......--0 7.0V 
Power supply for LCD drive (Vj5p—Vo) ..... 0 13.5V 
Input voltage (Vi) ............0.00205 Mss Vop V 
Operating temperature (Ta) ............ .0 50°C 
Storage temperature (Tstg)............ —20 70°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vop = 5.0 V + 0.25 V 


Input “high” voltage (Vij) ...........08.% 2.2 V min. 
Input “low” voltage (Vi_) 2... 2... ee ee 0.6 V max. 
Output high voltage (Voy) (—loH=0.2 MA) . . 2.4 V min. 
Output low voltage (Vo) (lo, = 1.2 MA)... . 0.4 V max. 
Power supply current (Ipp) (Vpp = 5.0 V) .. 1.0 mA typ. 

2.0mA max. 


Power supply for LCD drive (Recommended) (V5p —Vo) 
Duty = 1/8 Duty = 1/11 


a0 ©, ose eee 4.0 4.2V typ. 
Ta=25C......... 3.7 3.8V typ. 
| i Oe 3.3 3.3 V typ. 
OPTICAL DATA............020 02 c eae See page 15. 


INTERNAL PIN CONNECTION 


< 
< < 


Symbol Level 


H/L L: Instruction code input 
H: Data input 
H: Data read (LCD module>MPU) 
R/W H/L L: Data write (LCD module <4VMPU) 


H, HL Enable signal 


H/L 
/L 


gi 3 
ow 

© 

< 


Data bus line 
Note (1), (2) 


Notes: 


In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 


(1) 


(2) 


When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~OB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


WWII WU oan 
PILL WU 


Fig. 1 Display pattern 
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Unit: mm 
126.0+0.5 


2540.5 121.0+0.3 


E 12h tas 


1laot03 


2.5405 


(11.5+0.5) 


e 
|__| Wann 


i) 
=a 


ae 5] 
is cal P= 4 


jase 


6.0405 
31.0+£0.3 


4.0max * 


*1C height 


Fig. 2 External dimensions 


HD44100 HD44100 


Fig. 3 Block diagram 
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Vpp-Vo: LCD driving voltage 
VR: 10k2~20kQ 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


Enable cycle time teyc Fig. 5, Fig.6 
Enable pulse width PWEH Fig. 5, Fig.6 


Enable rise/fall time ter, ter Fig. 5, Fig. 6 


RS, R/W set up time 


Data delay time 


Fig. 5, Fig. 6 


RS 
R/W 
E 
2.2V 
DBo~ DB? Ket 4 Valid Data 
| tcyc 
Fig.5 Interface timing (data write) 
RS / 2.2V 2.2) 
0.6V (.6\ 
ed 
; 2.2V 
R/W 
E 2.2V 2.2V 
0.6V 0.6V Es 0.6V 
LDDR ty 


2.4V 2.4V 
DBo ~ DB? 4 Valid Data ) 
0.4V .4V 
= a tCYC H 


Fig.6 Interface timing (data read) 
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@ 32 character x 1 line 
= Controller LSI HD44780 is built-in (see section 6). 
@ +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size . . 174.5W x 33.0H (max.) x 13.4T (max.) mm 
Effective display are ........... 132.5W x 14.0H mm 
Character size (5x 10 dots)......... 3.15W x 7.9H mm 
Character Ditch: 4k} cacicers eee scl eee 3.85 mm 
DOUSIZO: 4:6) b- yk ee ee Se aa 0.55W x 0.7H mm 
WEIGH 6 Sis wild ate a otha 4 eae eo 4.9 ee about 60 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp —Vss).....-.. O 7.0V 
Power supply for LCD drive (Vpp—Vo) ... O 13.5 V 
Input voltage (Vi) ............... . Veg Vop V 
Operating temperature (Ta) ......... O 50°C 
Storage temperature (Tstg)..........-20 70°C 
ELECTRICAL CHARACTERISTICS 
Ta =25°C, Vop = 5.0 V 0.25 V 
Input “‘high’”’ voltage (Vij)... .....02.208- 2.2 V min. 
Input “low” voltage (Vi) 2.2... 2... eee ee 0.6 V max. 
Output high voltage (Voy) (—loyy = 0.2MA) .. 2.4 V min. 
Output low’voltage (Vo_) (lo, = 1.2 mA) . 0.4 V max. 
Power supply current (I5p) (Vp p=5.0 V) .. 1.0mA typ. 
2.0 mA max. 


Power supply for LCD drive (Recommended) (Vp5p —Vo) 
Duty = 1/8 Duty = 1/11 


Ta] 0 Gary outa-ds 3.95  4.15V typ. 
Ta 25 C wees as 3.7 3.8V typ. 
Ta=50°C ....... 3.3 3.3V typ. 
OPTICAL DATA: oc-ce och tite a es See page 15. 


INTERNAL PIN CONNECTION 


anne [Symon [ewer [Feneton 


Power supply 


: Instruction code input 
H: Data input 


H: Data read (LCD module>MPU) 
L: Data write (LCD module <{VPU) 


Data bus line 
Note (1), (2) 


Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB, ~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB.,,. 


Unit: mm 


Fig. 1 Display pattern 
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Unit: mm 


156.0£0.3 


13.4max 


11.44£0.3 


3L0405 


(0.5) 


4- $3.5 


174.5+0.5 


*xI1C height 


Fig. 2 External dimensions 


a 


ee ; HD44100 HDI4 boo 


Fig. 3 Block diagram 


Vpp-Vo: LCD driving voltage 
VR: 10k2~20k2 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


RS, R/W set up time 
Data delay time 
Data set up time 


Hold time 


~ DB? 


H2571 


ove 


al aaa al a 


Fig.5 Interface timing (data write) 


Fig. 6 


Interface timing (data read) 
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= 40 character x 1 line 
= Controller LS! HD44780 is built-in (see section 6). 
m +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size .... 182W x 35.5H (max.) x 13T (max.) mm 
Effective display area .......... 154.0W x 15.3H mm 
Character size (5x 10 dots) ........ 3.15W x 7.9H mm 
Character pitch ............. 000 ee eeue 3.75 mm 
DOU SIZE? shrek os Ae ssa gas Tae ae Sais ee 0.55W x 0.7H mm 
WIGNt).. 4s Val N ee a ea a ee about 65 g 
ABSOLUTE MAXIMUM RATINGS min max. 
Power supply for logic (Vpp5—Vss).. . . . . .0 70V 
Power supply for LCD drive 
IVEGE Vol ok betes ee eae es eee 0 13.5 V 
Input voltage (Vi)... 2.0.0.2... 02048. Vss Vop V 
Operating temperature (Ta) .......... 0 50°C 
Storage temperature (Tstg).......... —20 70°C 
ELECTRICAL CHARACTERISTICS 
Ta= 25°C, Vop = 5.0 V+0.25 V 
Input “high” voltage (Viy)..........00.. 2.2 V min 
Input “low” voltage (Vi, ) ...........005 0.6 V max 


Output “high” voltage (Vo) (—lo 4 =0.2MA). . 2.4 V min. 
Output “low” voltage (Vo _) (lo = 1.6 mA) . . 0.4 V max. 
Power supply current (Ipp) (Vpp =5.0 V) .. 1.0 mA typ. 

2.0 MA max. 


Power supply for LCD drive (Recommended) (Vp5p—Vo) 


Duty = 1/8 Duty = 1/11 (2) 


i Ls 3.95 4.15 V typ. 
Ta=25°C ......... 3.7 3.8V typ. 
Ta=50°C ......... 3.3 3.3V typ. 
OPTICAL DATA ... 2... cc ce ee eae See page 15. 


INTERNAL PIN CONNECTION 


Function 


H: Data read (LCD module>MPU) 
L: Data write (LCD module < MPU) 


Enable signal 


Data bus line 
Note (1), (2) 


Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB.,. 


Unit: mm 


Fig. 1 Display pattern 
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163.54.0,5 


154.0+0.3 


Wee i haat 


182+0.5 


33.5£0.5 
32.5+0.3 
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Vom 
Vss——_ 


Fig. 2 External dimensions 
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HD44780H 
(LCDI) 


Fig. 3 Block diagram 


Fig. 4 Power supply 
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Vpp-Vo: LCD driving voltage 
VR: 10k2~20k2 
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TIMING CHARACTERISTICS 


es 

ervorietin dee te 
ees 
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Fig.5 Interface timing (data write) 
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Fig.6 Interface timing (data read) 
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@ 40 character x 1 line INTERNAL PIN CONNECTION 


# Controller LS! HD44780 is built-in (see section 6). 
OV 


@ +5V single power supply 


+ P- | w 
MECHANICAL DATA (Nominal dimensions) ie Power supply 
Module size ......... 290W x 60H x 13.0T (max.) mm oe 
Effective display OUGG. . 0: & SoG. yok ww Ae eX 245W x 19.0H mm L: Instruction code input 
Character size (5x 7 dots) ........ 4.82W x 8.18H mm C2) ea 
Character pitch ......... 000 cee eeuaeese 5.82 mm H: Data read (LCD module>MPU) | 
Dotsize oo... cece cece eee cece es 0.9W x 1.1H mm le ae eee 
VWGIGNE. 2-2 o0.2 Sod acd bei Bay 6 te es aoe Se es about 150g es 
ABSOLUTE MAXIMUM RATINGS min, max. 
Power supply for logic (Vp5p5—Vss)... 2... 0 70V 
Power supply for LCD drive 
Wee eV Ns ace icareencucu ene: 0 13.5V ea) 
Input voltage (Vi)... . 0.2... .02 2008. Ves Vop V 
Operating temperature (Ta) .......... .0 50°C 
Storage temperature (Tstg).......... —20 70°C 


ELECTRICAL CHARACTERISTICS 


Notes: 
Ta = 25°C, Vop = 5.0 V £0. 
| ‘ ate ea 2 ee 0.25 V In the HD44780, the data can be sent in either 4-bit 2-operation or 
DBUE MISH: MONAGE NW Ibi cece tear hates 2.2V min.  g.pit 1-operation so that it can interface to both 4 and 8 bit MPU'’s. 
Input ‘low voltage (Vi_) ..........008. 0.6 V max. (1) When interface data is 4 bits long, data is transferred using only 4 
Output high’voltage (Voy) (—lo4=0.2MA)... 2.4 V min, buses of DB,~DB, and DB,~DB, are not used. Data transfer 
Output“iow’voltage (VoL) (loL= 1.2mA).... 0.4V max between the HD44780 and the MPU completes when 4-bit data is 
; ferred twice. Data of the higher order 4 bits (contents of 
Power supply current (I = 5, ny 7 — 
PPIY (loo) (Von = 5.0 V) Don AtyD: DB,~DB, when interface data is 8 bits long) is transferred first 
2.0 mA max. and then lower order 4 bits (contents of DB, ~DB, when interface 
Power supply for LCD drive (Recommended) (Von —Vo) data is 8 bits long). 
Duty = 1/8 (2) When interface data is 8 bits long, data is transferred using 8 data 
Ta=O Cosysrsteawaees 4.3 V typ. uses Ot DEG ORs: 
VA 25 © oon 8 ce duare 2 3.9 V typ. 
Ta= 50°C 22 cxoraedaces 3.3 V typ. 
OPTICAL DATA ...... ce ce ww we See page 15. 


Unit: mm 


Fig. 1 Display pattern 
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Unit: mm 
290.0 + 1.0 
~* 282.0+0.5 40+0.5 
[an) 
= 261.0+0.5 ieee. 
ae in 
cs ' 245.0+0.3 ret 
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ie in 
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(o>) So 
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ito) 
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o 
141.0+£0.5 5— 435 
6.5(max. ) wi 
flan ©) Gees EE eres ES Geen 1) PERE) | Ra. 0 Eanes Om ERE 
13.0(max. ) 


Fig. 2 External dimension 
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Fig. 3 Block diagram 


HD44780H 
(LCD IN) 


Vpp — Vo: LCD driving voltage 
VR: 10k2 ~ 20k 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


ter, ter Fig. 5, Fig. 6 25 
tas Fig. 5, Fig. 6 


RS 2.2V 2.2V 
0.6 0.6V 
Las | tH 
to} 
R/W 
0.6V 0.6\ 
PWeun _ ’ ty 
LES | 
DON 2 aX: 
E 2.2\ / 
0.6V 0.6\ 0.6) 


ter tbsw tH | : 

DBo ~ DB au Valid D ae | 

0 7 0.6 ( alid Data > ree | 
ka 


tcyc 


Fig. 5 Interface timing (data write) 


RS / 2.2V 2.2V \ 
0.6V 0.6V 


fo OV X20 
R/W 
ty 


| LDN. 


: 2.2V 
0.6V 0.6V tes 0.6V 
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tEr 
LDDR ty 


2.4V 2.4V 
~ Valid Dat ) 
peperaciaseee tcyc 


Fig.6 Interface timing (data read) 
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= 16 character x 2 lines 
# Controller LS! HD44780 is built-in (see section 6). 


m +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ........... SOW x 36H x 11T (max.) mm 
Effective display area ........... 64.5W x 13.8H mm 
Character size (5 x 7 dots) ......... 2.95W x 3.8H mm 
Character pitch ....... 00... ccc eee ees 3.65 mm 
DOUSIZE Sik ho G2 ew Ake ee 0.55W x 0.5H mm 
WEIGKE: fe ssa i ee 5 a ea eS ete about 25 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp—Vss) ......-.-.- 0 7.0V 
Power supply for LCD drive (Vpp—Vo)..... 0 13.5 V 
Input voltage (Vi)... 1... ee ee ee ee Vss Vpp V 
Operating temperature (Ta) ..........+.6. 0 50°C 
Storage temperature (Tstg) ..........-.. —20 70°C 


ELECTRICAL CHARACTERISTICS 
Ta= 25°C, Vpp =5.0 V+ 0.25 V 


Input “high” voltage (Vip). ....... 0222 ae 2.2 V min 
Input “‘low” voltage (Vi_) ...........00% 0.6 V max 
Output high voltage (VoH) (—loH = 0.2 MA) . 2.4 V min. 
Output low’ voltage (Voz) (lop, = 1.2 mA) ... 0.4 V max. 
Power supply current (Ipp) (Vpp = 5.0 V) .. 1.0 mA typ. 
3.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp—Vo) 
Duty = 1/16 
Ta) OC ay ciensev eeu ones 4.2 V typ. 
Ta=25°C 4.0 V typ 


INTERNAL PIN CONNECTION 


CI ee. ret 


Power supply 


ee code input 
7 Data input 
H: Data read (LCD module>MPU) 
L: Data write (LCD module <MPU) 


Enable signal 


- 8 
aa 
| 0B3 | W/L | ata bus line 
| DB4 | H/L | Note (1), (2) 
BE. 


H/L 


ee 

ot 

aot 
|) 7 | 

Pie 

ee 

| 10 

ou 

[313 | pas A 

| 14 | oe? | HL 

Notes: 

in the H044780, the data can be sent in either 4-bit 2-operation or 

8-it 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of 0B,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


Unit: mm 
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Fig. 1 External dimension 
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Unit: mm 


OOOO 
CIO 
CIDIDIDIOI 
CODD 
CIOL 


OOOO 
WOU 


Fig. 2 Display pattern 


Vpp-Vo: LCD driving voltage 
VR: 10kQ~20k2 


Fig. 3 Block diagram Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


a 
Enable pulse width ee Fig. 5, Fig. 6 La 


Enable rise/fall time Fig. 5, Fig. 6 


RS, R/W set up time Fig. 5, Fig. 6 


Data delay time 
Data set up time 


Hold time 


tpsw | | tH 


2.2V | 
DBo ~ DB? =, Valid Data 
ee ee 


tcyc 


Fig.5 Interface timing (data write) 


0.6V =| 


2.4V 
DBo ~ DB7 4 Valid Data 0.4 


Fig.6 Interface timing (data read) 
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M 16 character x 2 lines 

M@ Controller LS! HD44780 is built-in (see section 6). 
M +5V single power supply 

M@ Large numeral font set (see page 176). 


MECHANICAL DATA (Nominal dimensions) 


Module size ........... 80W x 36H x 11T (max.) mm 
Effective display area ........... 64.5W x 13.8H mm 
Character size (5 x 7 dots) ......... 2.95W x 3.8H mm 
Character pitch .... 0... eee eee 3.65 mm 
Dot size ..................... 0.55W x 0.5H mm 
Weight ...... Sete 8 ta eat rte et ae about 25 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp—Vss) ........ 0 7.0V 
Power supply for LCD drive (Vpp—Vo)..... 0 13.5 V 
Input voltage (Vi)... 1... ee ee Vss Vpp V 
Operating temperature (Ta) ............. 0 50°C 
Storage temperature (Tstg)............ —20 70°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp =5.0 V +0.25 V 


Input “high” voltage (Vi). ......... 2005 2.2 V min. 
Input “low” voltage (Vi_) ..........2088 0.6 V max. 
Output high voltage (Von) (—lon =0.2 mA) . 2.4 V min. 
Output low’voltage (Vo_) (Io, = 1.2 mA) ... 0.4 V max. 


Power supply current (Ipp) (Vpp =5.0 V) .. 1.0 mA typ. 
3.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp—Vo) 
Duty = 1/16 
T3e> OO cas sihaatewnesid $s 4.2 V typ. 


36.0+0.5 


INTERNAL PIN CONNECTION 


[Fin Wo [Svmbot | Level _‘Fanetion 
a es ee ae 


Data bus line 
Note (1), (2) 


14 | oe7 W/L 


Notes: 

In the HD44780, the data can be sent in either 4-it 2-operation or 

8-it 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


Unit: mm 


& a 
SS rr eee 
| | | 365+0.1 
nee 57.7£0.1 


64.5+0.3 


* IC height 


Fig. 1 External dimension 
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Unit: mm — 


oO 
coz) 


CILIL OOOOOOUO 

OL OOOO 
OOO OOOO 
OOO OOOO 
OOO DOOOOOOIO 


Vpp—Vo: LCD driving voltage 
VR: 10k2~20k2 


Fig. 3 Block diagram Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


teye 


PWEH 


RS 2.2V 2.2V 
0.6V 0.6V 
tas tH 
| 
R/W 
/ ().6V f 0.6) 


PWeH ty 


E \/ 
O.6V 
ter tH | 
DBo~ DB f Valid D nee | 
: : U.6V aie , .6V | 
tcyc 
taps aaa 
Fig.5 Interface timing (data write) 
RS 
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- 
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R/W 
E 
(.6V 


a RY ae Vf 2.4V 
~ a t 
ae 0.4V a 0.4V 


™ tCYC 


Fig.6 Interface timing (data read) 
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XXXX0 100 


XXXX0101 
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Fig. 7 Character dot pattern 
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@ 16 character x 2 lines 
® Controller LS! HD44780 is built-in (see section 6). 
m +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ........... B4W x 44H x 12T (max.) mm 
Effective display area ............ 61W x 15.8H mm 
Character size (5 x 7 dots) ........ 2.96W x 4.86H mm 
Character pitch... ............. 000 eee 3.55 mm 
DOU SIZE: 2.6.55 Ue Oe eee 0.56W x 0.66H mm 
(U0) (|) Sa about 35g 
ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vp5p—Vss).....-. 0 7.0V 
Power supply for LCD drive 

(V6b=-V 6) Wao Eee eee 0 13.5 V 
Input voltage (Vi)... .........00008. Vss Vop V 
Operating temeprature (Ta) ..........-.-. 0) 50°C 
Storage temperature (Tstg)......... . —20 70°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vop = 5.0 V £0.25 V 


Input “high” voltage (Vi)... 0.0.2.0 2a ee 2.2 V min. 
Input “low” voltage (Vi, ) ..........200. 0.6 Vmax. 
Output high’voltage (Voy) (—loH = 0.2 MA) .. 2.4 V min. 
Output low‘voltage (Vo, ) (lo, = 1.2 mMA).... 0.4 Vmax. 
Power supply current (lbp) (Vpbp = 5.0 V) .. 1.0 mA typ. 
3.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp —Vo) 

Duty = 1/16 
Ta=OC..... cae. 4.6 V typ. 

Vat 25°C. ie 5 he hen bea 4 4.4V typ 

Wa 50-6 kev te tegen 4.2 V typ 
OPTICAL DATA: 2s iene 568 Sone Se See page 15. 


INTERNAL PIN CONNECTION 


< 


Data bus line 


Note (1), (2) 
12 
13 DB 
14 | be? 
Notes: 


In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~ODOB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB., when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,,. 


Unit: mm 
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Fig. 1 Display pattern 
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iA a a ae 
po | - |  *8¥___ | Power supply 
Vo Sac) 

5 

6 

7 

8 

9 

10 

11 


H/L L: Instruction code input 
H: Data input 
H: Data read (LCD module>MPU) 
R/W L: Data write (LCD module <{UPU) 
H/L 


Enable signal 
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ee 


Unit: mm 


84.0+1.0 


2.5 £0.5 79.0+0.5 


56.2 +0.2 


2-R1.25 


15.8 £0.3 
36.0+0.3 
44.0+1.0 


«IC height 


Fig. 2 External dimensions 


HD44100 


Fig. 3 Block diagram 


Vpp-Vo: LCD driving voltage 
VR: 10k2~20k2 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


Cm | Somat en 
[spun 

RS, R/W set up time 
Prodi dt 


tCYC 


Fig. 5 Interface timing (data write) 


Valid Data N aie 
0.4V 


tCcYCc 


Fig.6 Interface timing (data read) 
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@ 16 character x 2 lines 
= Controller LS! HD44780 is built-in (see section 6). 
mw +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ......... 83.0W x 43.0H x 11T (max.) mm 
Effective display area ............. 61W x 17.6H mm 
Character size (5 x 7 dots) ........ 2.96W x 486H mm 
Character pitch... ... ee 3.55 mm 
DOU SIZE. eee ee ae eee eee 0.56W x 0.66H mm 
WVCUOIVG cap be 026 95 anh -4 othe Bae Bare ee & ew art about 35 g 
ABSOLUTE MAXIMUM RATINGS min max. 
Power supply for logic (Vpp—Vss)....... 0 6.5 V 
Power supply for LCD drive 
(Ve G= Vel <4.6 kev Sie thee ees 0 16.5 V 
Input voltage (Vi). ............000. Vss Vop V 
Operating temeprature (Ta) ..........-. 0 50°C 
Storage temperature (Tstg).........- —20 70°C 
ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vop = 5.0 V + 0.25 V 
Input “high” voltage (Vi). .........000- 2.2 V min. 
Input “low” voltage (Vi_) ...........24.4. 0.6 Vmax. 


Output high’voltage (Vou) (—loy = 0.2 MA)... 2.4 V min. 
Output low’voltage (Vo, ) (lo. = 1.2 mMA).... 0.4 Vmax. 
Power supply current (Ip5) (Vpp = 5.0 V) . .. 1.0 mA typ. 
3.0 MA max. 
Power supply for LCD drive (Recommended) (Vpp —Vo) 

Duty = 1/16 
16-0 Cs iciicu evan ss 4.6 V typ. 

Ta 20 Cn duueee cee ak 4.4V typ 

T8250 © cocina ohp ee 4.2 V typ 

OPTICAL DATA ............ 0000 eae See page 15. 
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INTERNAL PIN CONNECTION 


[Fin No. [Symbot | ew [Function 
pels f= [aw 
is 

L: Instruction code input 

H: Data input 
PSL Je H: Data read (LCD module >MPU) 

L: Data write (LCD module MPU) 

ara 
Le 


Data bus line 
Note (1), (2) 


Notes: 


In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~OB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


Unit: mm 
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Fig. 1 Display pattern 
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83.0+0.5 


79.0+0.5 


61.040.3 


76.0403 


11.0 max. 


Fig. 2 External dimension 


ae 


Fig. 3 Block diagram 


Fig. 4 Power supply 
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Vpp-Vo: LCD driving voltage 
VR: 10k2~20k2 
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TIMING CHARACTERISTICS 


Test condition vin |e 
Enable cycie time Fig. 5, Fig. 6 


Enable pulse width 
Enable rise/fall time 
RS, R/W set up time 
Data delay time 


Data set up time 


NM 


2.2V 2.2V 
0.6V | 0.6V 
LAS tH 
R/W 
. 0.6V fF 9.6V 
PWeu 
E 


0.6V 


tEr 


tCYc 


Fig.5 Interface timing (data write) 


Valid Data ) aN 
0.4V 


tcyc 


Fig.6 Interface timing (data read) 
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M 16 character x 2 lines 

™@ Controller LS] HD44780 is built-in (see section 6). 
M@ +5V single power supply 

@ Large numeral font set (See page 186). 


MECHANICAL DATA (Nominal dimensions) 


Module size ........... 84W x 44H x 12T (max.) mm 
Effective display area ............ 61W x 15.8H mm 
Character size (5 x 7 dots) ........ 2.96W x 4.86H mm 
Character: Bite feye sic aceats Oe a hte DA ES 3.55 mm 
DOUSIZe 2.0244 a amias oe Aw Sate Se 0.56W x 0.66H mm 
WIGHT: si: 6 sakes et ae Gee ee He ae ice about 35 g 
ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vpp—Vss)...-.-.- 0 70V 
Power supply for LCD drive 

ee ot ee ee ee eee 0 13.5 V 
Input voltage (Vi). ............008. Vss Vop V 
Operating temeprature (Ta) ............ 0 50°C 
Storage temperature (Tstg).......... —20 70°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vop = 5.0 V + 0.25 V 


Input “high” voltage (Vij)... ......0006. 2.2 V min. 
Input “low” voltage (Vi, ) ...........26. 0.6 Vmax. 
Output high’voltage (Voy) (—lo4 = 0.2 MA) .. 2.4 V min. 
Output low’voltage (Vo, ) (lo, = 1.2 MA)... . 0.4 Vmax. 
Power supply current (Ipp) (Vpp = 5.0 V) .. 1.0 mA typ. 
3.0 mA max. 
Power supply for LCD drive (Recommended) (Vp5p —Vo) 

Duty = 1/16 
fa 0 COC eseraideevare: 4.6 V typ. 

443 25 © way eels pice we 4.4V typ 

Waa 50 GC ch tng x Sees 4.2 V typ 
OPTICAL DATA .......... 2.2 cee eee See page 15. 


INTERNAL PIN CONNECTION 


Symbol 


< 


Hi 
| 
DB4 saree ) (2) 


= 
W 
w 
©) 


Oo 


H/L 


pa 
~~, 
aE 


B7 H/L 


Notes: 

in the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB.,. 


Unit: mm 


Fig. 1 Display pattern 
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= Power supply 


ee code input 
7 Data input 
H: Data read (LCD module~MPU) 
L: Data write (LCD module <{VUPU) 


[H, HL Enable signal 
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84.0+1.0 


79.0+0.5 
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15.8+0.3 
36.0 +0.3 
44.04+1.0 


«IC height 


Fig. 2 External dimensions 


Fig. 3 Block diagram 


Vpp-Vo: LCD driving voltage 
VR: 10k2~20k2. 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


Enable cycle time 
Enable pulse width 


Fig. 5, Fig. 6 


Enable rise/fall time 
RS, R/W set up time 
Data delay time 


Data set up time 


Hold time 


me 9 9V 2.2V 
0.6V 0.6V 

R/W 

/ 0.6V 
PWen ae eee 
tEs 
& 2.2V \ 
0.6V 0.6V 
tk, 


Bae 
2.2V | 
DBo ~ DB? ze. Valid Data ) oe 
{CYC 


aa ag a 


Fig.5 Interface timing (data write) 


Fig.6 Interface timing (data read) 
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Fig. 7 Character dot pattern 
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@ 20 character x 2 lines INTERNAL PIN CONNECTION 
= Controller LS! HD44780 is built-in (see section 6). 
bol | F i 
m= +5V single power supply eneon 
Vss | 
MECHANICAL DATA (Nominal dimensions) ! Power supply 
Module size ...... 116W x 39H (max.) x 13T (max.) mm - 
Effective display area ............ 83W x 18.6H mm ; Instruction code input 
Character size (5x 7 dots) ......... 3.2W x 4.85H mm | H: Data input _ 
| “ect H: Data read (LCD module>MPU) 
oyeed PID Aaa a pehea ewes 0. 6W Ree tie L: Data write (LCD module MPU) 
WEIGHT: aparece oc aes ak eee ee ees about 50 g Eazie Sane! 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vpp—Vss)-- - - - . 0 7.0V 
Power supply for LCD drive 
Data bus line 
(Vpn —Vo) Pr er ee ee ee ee ee ee 0 13.5 V Note (1 ), (2) 
Input voltage (Vi). ............-6- Vss Vop V 
Operating temperature (Ta)............ 0 50°C 
Storage temperature (Tstg).......... —20 70°C 
ELECTRICAL CHARACTERISTICS ices, 
Ta = 25°C, Vop =9.0V £0.25 V In the HD44780, the data can be sent in either 4-bit 2-operation or 
Input “high’’ voltage (Vi)... 2.2... 6 eee 2.2 V min. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 
Input “low” voltage (Vip) .......2..028- 0.6 V max. (1) When interface data is 4 bits long, data is transferred using only 4 


buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 


Output ‘‘high”’ voltage (Voy) (—loH = 0.2 MA). 2.4V min. 
Output “low” voltage (Vo) (lo, =1.2 MA). . 0.4V max. 


Power supply current (I5p) (Vop = 9.0 V) .. 1.0 mA typ. DB,~DB, when interface data is 8 bits long) is transferred first 
3.0 mA max. and then lower order 4 bits (contents of DB, ~DB, when interface 
Power supply for LCD drive (Recommended) (Vpp—Vo) data is 8 bits long). 
Duty = 1/16 (2) When interface data is 8 bits long, data is transferred using 8 data 
Ta=0°C 4.6 V typ buses of DB, ~DB.,. 
Ta 25 Chad ae ten de bas 4.2 V typ 
a 50 Cisse ee eh ees 3.5 V typ. Unit: mm 
OPTICAL’ DATA} ii52 h nee Coe ett Hes See page 15. 
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Unit: mm 


13.0max. 
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83.0 +0.3 6 r 
umax. 
108.0 +0.3 
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*IC height 


Fig. 2 External dimensions 


aap Te 
Eo 


Fig. 3 Block diagram 


Vob 


Vpp-Vo: LCD driving voltage 
VR: 10k2~20kQ2 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


Tye | Mex 
Enable pulse width Fig. 5, Fig. 6 


Enable rise/fall time Fig. 5, Fig.6 | 28 
RS, R/W set up time tas Fig. 5, Fig.6 140 p= 
: a 


us 
ee ce 


RS 2.2V 2.2V 
0.6V 0.6V 
LAS tH 
R/W 
/ 0.6V j 0.6V 
PWeun ty 
LES 
E 0.6V 
lEr 
2.2V 2: 


tcyc 


Fig.5 Interface timing (data write) 


Valid Data ) any 
0.4V 


tcyc 


Fig.6 Interface timing (data read) 
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SUMMARY 

20 Character x 2 lines 

H@ Built-in control LS] HD44780 type (See section 6). 
@ +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ......---- 115W x 39H x 13D (max.) mm 
Effective display area ............ 83W x 18.6H mm 
Character size (5x 7 dots) ......... ~3.2W x 4.85H mm 

PION: soo 5 6 he eee ee ee 3.7 mm 
DOUSIZG: o.6 3556 Gerke oh eae 0.6W x 0.65H mm 
WOIGNE. a scee aid ok aoe & era ae ee lee a about 50 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vpbp—Vss)--- - - . O 6.5V 
Power supply for LCD drive _ 

Wap V6) 62 eeilinw tere <6. 0 6.5V 
Input voltage (Vi). ...........-006- Vss Vop V 
Operating temperature (Ta)............ 0 50°C 
Storage temperature (Tstg).......... —20 70°C 

ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0 V + 0.25 V 
Input “high” voltage (Vij)... .....02220 8 2.2 V min. 
Input “low” voltage (ViL) .........+25. -, 0.6 V max. 
Output high voltage (Vo) (—loy = 0.2 MA). . 2.4 V min. 
Output low voltage (Vo) (lop, = 1.2 MA)... . 0.4 V max. 
Power supply current (lbp) (Vop = 5.0 V) .. .1.0 mA typ. 
3.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp—Vo) 
Du=1/16 
at Ta O Cot ansve eke aes 4.6 V typ. 
at Ta = 20 C s2%.coGearesews 4.4 V typ. 
at Ta 00" Chateau eae) 4.2 V typ. 
OPTICAL DATA ............. 0c cece eens See page 15. 


Fig. 1 Display pattern 


INTERNAL PIN CONNECTION 


[Pin No. [Syebot [ tow! | ‘Funeion 
Pt [ve [- | 7 

2 [ves [= [ev 
A A 


H/L L: Instruction code input 
H: Data input 
R/W H/L H: Data read (LCD module>MPU) | | 
L: Data write (LCD module <MPU) 
6 | E  IH,H>L| Enable signal 
7 


Power supply 


Data bus line 
Note (1), Note (2) 


14 | pe7 | Ht 


Note: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


Unit: mm 
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Note 


Note : IC hight 
Unit : mm 
Scale: NTS 
No specified tolerance +0.5 


Fig. 2 External dimensions 


Fig. 3 Block diagram 


Vpoo 


VR: 10kKQ~20k2 


Fig. 4 Power supply 
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Vpp-Vo: LCD driving voltage 
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TIMING CHARACTERISTICS 


Symbol : Test condition Min. Typ. 


teyc Fig. 5, Fig.6 


Fig. 5, Fig. 6 


Enable cycle time 
Enable pulse width PWEH 


Enable rise/fall time 


Fig. 5, Fig.6 


ter. ter 
RS, R/W set up time 


Data delay time 


Fig. 5, Fig.6 


Data set up time tosw 


~ 
I 


Hold time 


2.2V 
0.6V 


tCYc 


Fig.5 Interface timing (data write) 


2.4V . : 
(| Valid Data ) RAN 
0.4V JX -0.4V 


tcyc 


Fig.6 Interface timing (data read) 
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m 24 character x 2 lines 
=# Controller LS! HD44780 is built-in (see section 6). 
w +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 

Module size 116W x 39H (max.) x 13T (max.) mm 
Effective display area 83W x 18.6H mm 
Character size (5 x 7 dots) 2.7W x 4.85H mm 
Character pitch 3.2mm 


ee ee | 


ss * # @© @ #8 @ ® #@® 8 8 © 


e *# #@ © @® @ 8 @ 


se «© @ e #8 8 ®© @ © @© @ © @ #® 8&8 @ 8 @ &® © & & & 8 


DOUSIZG: «194k 4 a) x Sees ore are ras 0.5W x 0.65H mm 

DOURIICN: 44.3.3 ee Ere ee 0.55W x 0.7H mm 

WelONt.224 sure 3440 boas Oe eae ees about 50g 
ABSOLUTE MAXIMUM RATINGS min, max. 

Power supply for logic (Vpp—Vss)--. - - - . 0 7.0V 

Power supply for LCD drive 

\VeGH= Vol s.6esG bree vias Oca c-8 0 13.5 V 

Input voltage (Vi)............-004- Vss Vop V 

Operating temperature (Ta)............ 0 50°C 

Storage temperature (Tstg).......... —20 70°C 
ELECTRICAL CHARACTERISTICS 

Ta = 25°C, Vop = 5.0 V + 0.25 V 

Input “high” voltage (Vi). ... 0.0.22 008 2.2 V min 

Input “low” voltage (Vip) .........0 008s 0.6 V max 


Output “high” voltage (Vou) (—lon = 0.2 MA) 2.4 V min. 
Output “low” voltage (VoL) (lop = 1.2 MA) . . 0.4 V max. 
Power supply current (Ipbp) (Vpp = 5.0 V) .. 2.0 mA typ. 


3.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp—Vo) 
Duty = 1/16 
Ta" 0 © eiiweedoatsten 4.6 V typ. 
NA 5 Co ci sch Gees 4.4V typ 
Ta=50C ......cceeeae 3.2 V typ 
OPTICAL DATA: « 6i4 26.0065 ee tee See page 15. 
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INTERNAL PIN CONNECTION 


[Symbot [ Lew | ~Funeion 
Cvs | - [ow 
a ee 
ve [= = 


O 
R/W 


Data bus line 
Note (1), (2) 


_ 14 | pB7 | W/L 


Notes: 

In the HD44780, the data can be sent in either 4-it 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


(2) 


CI 
CIC) 
CIC) 
CIC) 
CLD 


OOOO OOD 


Fig. 1 Display pattern 


€ HITACHI 


193 


SECTION 5 
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Unit: mm 
13.0max. 


95.040.5 


29.0+0.3 
feoteaead 1 Pigia bases 


76.3+40.2 


83.0+0.3 
4.0max. * 
108.0+0.3 


116.0+1.0 
*IC height 


Fig. 2 External dimensions 


Rf 
Rf= 200kQ 


Fig. 3 Block diagram 


Vpp ~ Vo: LCD driving voltage 
VR: 10kQ2 ~ 20k 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


ee 
[eetvaycniine ew 


RS, R/W set up time potas Fig. 5, Fig. 6 : 
Tonesenysine | ton) 


RS 2.2V 2.2V 
0.6V 0.6V 


R/W 


DBo ~ DB? 


tcyc 


| 


Fig.5 Interface timing (data write) 


DBo~ DB7 


Fig.6 Interface timing (data read) 
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SECTION 5 


LMO17L 


32 character x 2 jines 
Controller LS! HD44780 is built-in (see section 6). 
+5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ... 174.5W x 33H (max.) x 13.4T (max.) mm 
Effective display area ........ 141.19W x 16.75H mm 
Character size (5x 7 dots) ........ 3.45W x 4.85H mm 
Character pitch... 0... 0... wee ee et eee 4.2mm 
DOUSIZE. «.s-00' a & he Be ee OS 0.65W x 0.65H mm 
WOTOINT, bug. Sveti oak. fe a aoe. & GO Ee ee about 60g 
ABSOLUTE MAXIMUM RATINGS 
min max. 
Power supply for logic (Vpp —Vss) .... 0 7.0V 
power supply for LCD drive (Vjp —Vo) . 0 13.5V 
Input voltage (Vi)... .......... 008. Vss Vpopv V 
Operating temperature (Ta) .......... ) 50°C 
Storage temperature (Tstg)........... —20 70°C 
ELECTRICAL CHARACTRISTICS 
Ta=25°C, V5 p=5.0V +0.25V 
Input “high” voltage (Vj) ...........0. 2.2V min. 
Input “low” voltage (Vi_) ...........08. 0.6V max. 
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Output “high” voltage (Voy) (—loH=0.2MA). 2.4V min. 


Output “low” voltage (Vo) (lo =1.2MA) .. 0.4 Vmax. 
Power supply current (Ipnp) ( Vp p=5.0V) .. 1.0 mA typ. 
3.0 mA max. 

Power supply for LCD drive (Recommended) (Vpp —Vo) 
Duty = 1/16 

MOA Cech tacit asi asian. so ees 4.6 V typ. 


8 
tO 
L 
L 
L 
U 
Ul 
U 
O 
C 
L 
L 
C] 
L] 
LI 
O 


INTERNAL PIN CONNECTION 


[Fin No. [Symbol | ter | _—Funetion 
a koe 


ee eee 
| 3 | Vv | - | = | 
H/L L: Instruction code input 
H: Data input 
H: Data read (LCD moduleMPU) 
os | Rw | HL L: Data write (LCD module <MPU) 


Enable signal 


Data bus line 
Note (1), (2) 


Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


(2) 


Unit: mm 


DODO COO 


Fig.1 Display pattern 
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156.0 40.3 


141.19+0.3 


7.88 +05 


33.0£0.5 


or a ay ) 
133.65 £02 4.0max. * 


lb7.5 40.4 


174.5405 


*1C height 


External dimensions 


cs a 


LCD 
LCDI ——? 1s (xf a 
rou fay som 


Fig. 3 Block diagram 


Vpp-Vo: LCD driving voltage 
VR: 10kK2~20k2 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


ee ee ee 
Cas aveciptie [te Pte 


| 2.2V : 
DBo ~ DB7 ee. Valid Data b 


tCYC 
t 


Fig.5 Interface timing (data write) 


R/W 
tH 
E 0.6V tes 0.6V 
2.4V 2.4V 


tCYC 


Fig.6 Interface timing (data read) 
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w 40 character x 2 lines 
= Controller LS! HD44780 is built-in (see section 6). 
m +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size .... 182W x 35.5H (max.) x 13T (max.) mm 
Effective display area .......... 154.0W x 15.3H mm 
Character size (5x 7 dots) ......... 3.2W x 4.85H mm 
Character DiteNs 06s se eS GS Pd 3.7mm 
DOt SIZE) ie ioe tS See Us, Bae a 0.6W x 0.65H mm 
WV GION 2.96. sen aeterce ace, Sot aaa Gee tc about 65g 
ABSOLUTE MAXIMUM RATINGS 
min max 
Power supply for logic (Vypp —Vss) ...... 0 7.0V 
Power supply for LCD drive (Vpp—Vo).... 0 13.5V 
Input voltage (Vj)... ........... 0085 Vss Vpp V 
Operating temperature (Ta) ............ 0 50°C 
Storage temperature (Tstg)........... —20 70°C 
ELECTRICAL CHARACTRISTICS 
Ta=25 C, Vopp=5.0V £0.25V 
Input “high” voltage (Vi)... . 0.0. eee eee 2.2V min. 
Input “low” voltage (Vj_) .............-. 0.6V max. 
Output “high” voltage (Voy) (—loy=0-2MA) . 2.4V min. 
Output “low” voltage (VoL) (lo =1.2mMA)... 0.4V max. 
Power supply current (Ipp) (Vp p=5.0V) ... 3.0 mA typ. 
4.0 mA max. 
Power supply for LCD drive (Recommended) (Vp5p —Vo) 
Duty = 1/16 
V2 O Coe: €or dd tk dhe Oe RA 4.6 V typ. 
Ta=25°C.... eee ee 44 typ. 
Was OOM a hanes hintaan ate 4.2V typ. 
OPTICAL DATA... oo icn eee ne oa oe oe See page 15. 


INTERNAL PIN CONNECTION 


Pin No. | Symbol | Function 
ee 
Instruction code oe 
“ Data oe 
H: Data read (LCD module>MPU) 
L: Data write (LCD module <4UPU) 


ce Cs ca 
7 


Data bus line 
Note (1), (2) 


Notes: 


In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


ee ee 
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Fig. 1 Display pattern 
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SERTION: A 


LMO18L 


13.0max. 


we 

e, ep 

D +i 

ne) lop) 
o fmm) 
+ 4H 
Ve) ioe) 
wo w 
CQ ee 


4.0max. * 


147.5 +0.2 


154.0+0.3 


163.5+0.3 
175.0 4+0.3 


182.0 +1.0 
*IC height 


Fig. 2 External dimensions 


ee 


Se 


Fig. 3 Block diagram 


Vop 


Vpp-Vo: LCD driving voltage 
VR: 10kQ2~20k2 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


Test condition Min. 


Enable cycle time Fig. 5, Fig. 6 


Fig. 5, Fig. 6 


Fig. 5, Fig. 6 


Fig. 5, Fig. 6 140 


Fig.6 _ 


Fig. 5 


2.2V 2.2V 
N 0.6V 0.6V 
LAS { tH 
ae le 
0.6V | _f 0.6V 
oe LL re ees 
tEf 
ferenrers Cone lies 
(ee 2o2V 
0.6V 0.6V |- 0.6V 
| t 
_tEr pas iDSW H 
2.2V fh 2.2V 
DBo ~ DB? 0.6V ( Valid Data » ae 
ECYC 
ee ere ee ee ee De ee ey as ee ee 


Fig. 5 Interface timing (data write) 


SECTION 5 


2.4V\L_ | 
( Valid Data 
0.4V 
" tcyc 


Fig. 6 Interface timing (data read) 
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16 character x 4 lines 
Controller LS! HD44780 is built-in (see section 6). 
+5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ........... 87W x 60H x 12T (max.) mm 
Effective display area ........... 61.8W x 25.2H mm 
Character size (5x 7 dots) ........ 2.95W x 4.15H mm 
Character Pitcn eninte ss ain BRS ee eR eS 3.55 mm 
DOUSI 20> 6.6 bab we ie be Oe ee 8 0.55W x 0.55H mm 
WIIG Spe id ead 3s Goce BA ce wae ee about 60g 
ABSOLUTE MAXIMUM RATINGS 
min. max. 
Power supply for logic (Vpp —Vss) .....- 0 7.0V 
Power supply for LCD drive (Vpp —Vo).... O 13.5V 
Input voltage (Vj)... ........ 0. eee Vss Vpp V 
Operating temperature (Ta) ............ 0 50°C 
Storage temperature (Tstg)........... —20 70°C 
ELECTRICAL CHARACTRISTICS 

Ta=25°C, Vp p=5.0V+0.25V 
Input “high” voltage (Vij). ......2. 00 eee 2.2V min. 
Input “low” voltage (Vj, )..........0--- 0.6V max. 
Output “high” voltage (Voy) (—loy=0.2MA) . 2.4V min. 
Output “low” voltage (VoL) (lo L=1.2MA) ... 0.4V max. 
Power supply current (Ipp) (Vp p=5.0V) ... 3.0 mA typ. 

4.0 mA max. 
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Power supply for LCD drive (Recommended) (Vpp —Vo) 
Duty = 1/16 


oOo0000000 
oOcoooo000 
O0O000000 
QO0000000 


O 
O 
QO 


a) 
O 
O 
QO 
QO 
QO 
Q 
O 
Oo 
\ ' 
a) 


000 


O 
O 
QO 
0 


b 
s 
Oo 
QO 
a 
fs 
s 


Fig. 1 Display pattern 


INTERNAL PIN CONNECTION 


rove [oes [teat 


| Function = 


Power supply 


instruction code input 
. Data input 
H: Data read (LCD module>MPU) 
L: Data write (LCD module (MPU) 


Enable signal 


Data bus line 
Note (1), (2) 


Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


(2) 


DISPLAY POSITION AND DD RAM ADDRESS 


aetine ao [a [|| [a [a [a Jo [oe [om oe fo fo Joe or 
[ane [oo [or ]o2 os [oe Jos [be or [oe ]o0 oa [oe oc Joo Joe [oF 


Notes: 

(1) 80 ~ DF are described in hexidecimal for DD RAM address. 

(2) The set to HD44780 are "N= "1", F = 0" (2 lines 5 x 7 + cursol).”’ 
(3) DD RAM address is no series in line. Address set is necessary to 
change the lines. 

Circuit is equal to 32 characters by 2 lines type. 

In case of executing shift, first line and third line are shifted con- 
tinuously, also second line and fourth line. Therefore it happens 
that display of third line is transferred to first line. 


(4) 
(5) 
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Unit: mm 
87.0+1.0 


82.0+0.3 


er) 
+ 
at 


(2.8) 


4.0max * 


55.0+0.3 
60.0+ 1.0 


}ar0.s 


*IC height 


Fig. 2 External dimensions 


SECTION 5 


Vpp-Vo: LCD driving voltage 
VR: 10k2~20kQ 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


ae ee ee 
a 
a 


Hold time 


2.2V aa | 


tcyc 


Fig. 5 Interface timing (data write) 


R/W 


().6V 


DBo ~ DB 


{CYC 


Fig.6 Interface timing (data read) 
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m 20 character x 4 lines 
= Controller LS! HD44780 is built-in (see section 6). 
m +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 
Module size ........... 98W x 60H x 12T (max.) mm 
Effective display area ........... 76.0W x 25.2H mm 
Character size (5 x 7 dots) ........ 2.95W x 4.15H mm 


Character pitch... ... ee ee 3.55 mm 
DOC SIZO Steg oe ie et a ee 0.55W x 0.55H mm 
Weight .......... ee ae ae ee eee about 65 g 
ABSOLUTE MAXIMUM RATINGS min. max, 
Power supply for logic (Vpp—Vss) ........ 0 7.0V 
Power supply for LCD drive (Vpp—Vo)..... 0 13.5 V 
Input voltage (Vi)... 2... 2... ee eee eee Vss Vop V 
Operating temperature (Ta) ............. 0 50°C 
Storage temperature (Tstg)............ —20 70°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0 V +0.25 V 
Input “high” voltage (Viy)...........04. 2.2 V min. 
Input “low” voltage (Vi, ) 
Output “high” voltage (VoH) (—loy = 0.2 MA) 2.4 V min. 
Output “low” voltage (VoL) (lor = 1.2 MA) .. 0.4 V max 
Power supply current (Ipp) (Vpp =5.0 V) .. 1.0 mA typ. 
3.5 mA max. 
Power supply for LCD drive (Recommended) (Vpp—Vo) 
Duty = 1/16 
4.6 V typ. 


s 8 @© © © &#& #© #©& #8 8 &© #8 # @ #£§ *# B @ © 


ig. 1 Display pattern 
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esas porta tare aie tse cieseahs 0.6 V max. 


INTERNAL PIN CONNECTION 


Power supply 


Instruction code input 
7 Data input 
H: Data read (LCD module—MPU) 
L: Data write (LCD module “MUPU) 


eel eae 


Data bus line 
Note (1), (2) 


14 | oB7 | W/L | 


Notes: 

In the HD44780, the data can be sent in either 4bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,,. 


DISPLAY POSITION AND DD RAM ADDRESS 


cherecerno.| + | 2 {34 [s | 6] 7] 8 | 9 [10 [ay [re [rs ]r4 [os [6 [17 [18 [19 |20 | 
tsttine [80 [81 [ez [es [a4 [ss |s6 [87 [ss [89 Jaa ee [ac [a0 [se [er |90 jor |92 [93 | 
Grdiine [60 [er [c2 ]ea [ea [os [08 |e? [os [co [ca Jos |e [eo foe ler [oo [ox [oa 53, 
Sem Ga AN a a CO 
[ain tne [60 [05 JO [or [oe [02 Joa [oe [06 Joo Joe [or [eo ]ev [ez [e9 [ea Jes [x6 [e7 


Notes: 

(1) 80 ~ E7 are described in hexidecimal for DD RAM address. 

(2) Function setting of HD44780 should be “'‘N = ‘1"', F = "0" (2 
lines of 5 x 7 + cursol). 

(3) OD RAM address is no series in line. Address setting is necessary 
to change the lines, 

(4) Circuit is equal to 40 characters by 2 lines type. 

(5) In case of executing shift, first line and third line are shifted con- 
tinuously, also second line and fourth line. Therefore it happens 
that display of third line is transferred to first line. 
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Unit: mm | 
98.0+ 1.0 


12max 


6 
5.8max 4.0max* 


42.0+0.5 


76.0+0.3 


L602 


*IC height 


Fig. 2 External dimension 


: a 
4 : 


HD44104 HD 44104 


Fig. 3 Block diagram 


Vop 


Vpp-Vo: LCD driving voltage 
Fig. 4 Power supply VR: 10k2~20k2 
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TIMING CHARACTERISTICS 


Data delay time 


Data set up time 


DBo ~ DB? 


LM044L 


ee 
Fig. 5, Fig.6 


Fig. 5, Fig.6 


Fig. 5, Fig.6 


Fig. 5, Fig.6 


( 


tcyc 


Fig.5 Interface timing (data write) 


Fig.6 Interface timing (data read) 
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@ LM104L 
@ LM105L 
@ LM107L 
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(16 x 2 line) 
(20 x 2 line) 
(40 x 2 line) 
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SECTION 5 


LM104L 


SUMMARY 

16 Character x 2 lines 

@ Built-in control LS! HD44780 type (see section 6). 
M@ +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ........... 80W x 30H x 11D (max.) mm 
Effective display area............... 62W x 15.1H mm 
Character size (5 x 10 dots) ........ 29.5W x 4.56H mm 
PIC: sak Ae Ee acta eh eae eee 3.55 mm 
DOE SIZE. sh gided dine oo wk eee ee eee 0.55W x 0.66H mm 
WVGIGNC Ses ce fate aectarhareaa ee Bee about 25 g 
ABSOLUTE MAXIMUM RATINGS min. max 
Power supply for logic (Vpp—Vss) .....--- 0 65V 
Power supply for LCD drive (Vpp—-Vo)..... 0 65V 
Input voltage (Vi)... . ee ee Vss Vpp V 
Operating temperature (Ta) ............. 0 50°C 
Storage temperature (Tstg)............ —20 70°C 
ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp =5.0 V +0.25 V 
Input “high” voltage (Viy).......... 0005 2.2 V min 
Input ‘‘low” voltage (ViL) ..........-00% 0.6 V max 
Output high voltage (VoH) (—loH = 0.2 MA) . 2.4 V min. 
Output low voltage (Voz) (lov = 1.2 mA) . 0.4 V max. 
Power supply current (Ipp) (Vpp = 5.0 V) .. 2.0 mA typ. 
3.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp—Vo) 
Du=1/16 
at Va =~ 0°C nc bw te decsee hens 4.6 V typ 
Bt VAS 25 OC? « ob Maree e aed we es 4.4V typ 
at laH50 C scchneneneentep eee 4.2 V typ 
OPTICAL DATA .............. 0.000 cee See page 15 
80 .0+0 


77 .0+0 . 3 


30.040 .5 


Note 


wae 


INTERNAL PIN CONNECTION 


Symbol Level 


cs 
are 
ose 


| Function 


Instruction code input 
7 Data input 


H: Data read (LCD module—MPU) 
L: Data write (LCD module <{MPU) 


Enable signal 


Power supply 


Data bus line 
Note (1), Note (2) 


Note: 


In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB.,. 

(3) Effective display area 


(2) 


Note:Effective display area 


Fig. 1 External dimension 
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Unit: mm 


Fig. 2 Display pattern 


Vpp-—Vo: LCD driving voltage 
VR: 10k2~20k2 


Fig. 3 Block diagram Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


Test condition 


Enable cycle time Fig. 5, Fig. 6 


ae = 
Treen a8 | 
renter | FesFee 
= = 
8 
a 


Enable pulse width 
Enable rise/fall time 


RS, R/W set up time 


Hold time thy Fig. 5, Fig. 6 


tcyc 


Fig.5 Interface timing (data write) 


RS 0 OV Et 
0.6V 0.6V 
. E2.2V M9 9y 
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E 
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Fig.6 interface timing (data read) 
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SUMMARY 

@ 20 Character x 2 lines 

@ Built-in control LS! HD44780 type (see section 6). 
M@ +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size............ 95W x 30H x 11T (max.) mm 
Effective display area............. 76.7W x 15.1H mm 
Character size (5x 7 dots) ......... 3.2W x 4.85H mm 
PICGI 49c5 tb eon ht eats @ ee Oe hee ea 3.7mm 
DOt SIZE ib fica e Se Se A he 0.6W x 0.65H mm 
Weight: 25.5.4 iy os ES ah eR ees about 50g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vypbp—Vss)-- - - - . 0 6.5 V 
Power supply for LCD drive 
Vee Veli eee ea es eae 0 6.5V 
Input voltage (Vi)... .......62 00 8- Ves Vop V 
Operating temperature (Ta)............ 0 50°C 
Storage temperature (Tstg).......... —20 70°C 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vop = 5.0 V + 0.25 V 
Input “high” voltage (Viy).......... 000s 2.2 V min. 
Input “low” voltage (Vi_) ..........200. 0.6 V max. 
Output high voltage (Voy) (—loy = 0.2 MA)... 2.4 V min. 
Output low voltage (Vo, ) (lo, = 1.2 MA)... . 0.4 V max. 
Power supply current (lbp) (Vpp = 5.0 V) .. 2.0 mA typ. 


3.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp —Vo) 
Du=1/16 
at Tas 0: Cine cs be Gees 4.6 V typ. 
atte 25 C ta dadateds 4.2 V typ. 
at Ta 50 Chsscicekcesees 3.5 V typ. 
OPTICAL DATA .............. 0. cee ee ees See page 15. 


INTERNAL PIN CONNECTION 


L 


: Instruction code input 
H: Data input 
H: Data read (LCD module MPU) 
L: Data write (LCD module MPU) 


Enable signal 


Data bus line 
Note (1), Note (2) 


14 | a7 | HL 


Note: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB.,. 


(2 


— 


Unit: mm 


Fig. 1 Display pattern 
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Note:Effective display area 


Fig. 2 External dimension 


LCD-I] 


Fig. 3 Block diagram 


Vpp-Vo: LCD driving voltage 
VR: 10k2~20k2 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 
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Fig.5 Interface timing (data write) 
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Fig. 6 Interface timing (data read) 
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40 character x 2 lines 
Controller LS! HD44780 is built-in (see section 6). 
+5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size............ 170 x 30 (max.) x 11 (max.) mm 
Effective display area.............. 152.6W x 15.4H mm 
Character size (5 x 7 dots) 3.2W x 4.85H mm 


Gharacter Ditch. vccis desis oes hoe Need 3.7 mm 

DOESIZE. ec aces 2s eh ee a eta ee eS 0.6W x 0.65H mm 

WENGE: 6 eck e ad Be? eed Ee Be ow & aol we & about 65g 
ABSOLUTE MAXIMUM RATINGS 

min. max. 

Power supply for logic (Vpp —Vss) ......- 0 6.5 V 

Power supply for LCD drive (Vpbp—Vo).... O 6.5V 

Input voltage (V;) hus wie ee la ee cos eee Vss Vop V 

Operating temperature (Ta) ............ 0 50°C 

Storage temperature (Tstg)........... —20 70°C 
ELECTRICAL CHARACTRISTICS 

Ta=25°C, Vo p=5.0V +0.25V 

Input “‘high” voltage (Vi4)...........000% 2.2V min. 

Input “low” voltage (Vit) .........2200- 0.6V max. 


Output “high” voltage (Vou) (—loH=0.2MA) . 2.4V min. 
Output “low” voltage (Voz) (lo. =1.2MA)... 0.4V max. 
Power supply current (Ipp) (Vp p=5.0V) ... 3.0 mA typ. 
4.0 mA max. 

Power supply for LCD drive (Recommended) (Vj, —Vo) 
Duty = 1/16 

Tae. © ecto sioe why das enor Ge hogs 4.6 V typ. 

Ta=20 OC xc Gas pain bie ens 4.4\V typ. 

T8200: Cin sa diets ed eine eee 4.2 V typ. 

OPTICAL DATA ........ 2... eee eee See page 15. 
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INTERNAL PIN CONNECTION 


[Pin No. [Svebot | Level 
A 
— 


| Function = 


Instruction code input 
7 Data input 
H: Data read (LCD module>MPU) 
L: Data write (LCD module {VPU) 
Enable signal 


H, HL 


0 i 


Data bus line 
Note (1), (2) 


w 
Lit 
~~ | 
rir ~ 


Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 


(2) 


buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB.,. 


Unit: mm 


HOO 
HOU 


Fig. 1 Display pattern 
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Fig. 2 External dimension Note: Effective display area 
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Fig. 3 Block diagram 
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Vpp-Vo: LCD driving voltage 
VR: 10k2~20kQ 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 
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Fig.5 Interface timing (data write) 
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Fig.6 Interface timing (data read) 
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SECTION 5 
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FEATURES Tae: (OCG seer yuh aciot eee ddaeee: 4.6 V typ. 
mi 16 character x | line w/LED backlighting Ta = 25°C Bote tral cel ees See eee pene eee) Ae Yel WO a afer i ee Ye dea 4.4 V typ. 

ae , Ta 50°C hes cau calor a cee eee hae es 4.2 V typ. 
M@ Built-in controller LS! HD44780 type (see section 6). 


@ +5V single power supply OPTICAL DATA See page 15 


MECHANICAL DATA (Nominal dimensions) INTERNAL PIN CONNECTION 


Module size .............. 90.0W x 36H x 14D (max.) mm 
Effective display area................. 64.5W x 13.8H mm tS es een 
Character size (5 x 7dots)............ 3.07W x 5.73H mm Rees ee eee eee 
Bite ys ateeccct hace ies nontedaaonettbaies ed ae Oe Ra aC 
Seales stsociesgnomecacen asaw xo7stmm = [-S1Ye f= f=] 
nstruction code inpu 
WIG 2.20 esGeeRdieer her ekae ee Ree Rees about 25 g ) 4} ors | He | fh: 4H: Data input 
ABSOLUTE MAXIMUM RATINGS ps | pw fom |e Bata write (LCD module-- MPU 
ata write (LCD module« MPU) 
min, max [8 [EWA enable signet 
Power supply for logic (Vpp - Vgg).-..- eee eee 0 70V H/L 
Power supply for LCD drive (Vpp — Vo).......-- 0 13.5V eps 
Power supply forLED...............0..0008 60mA PS | DB2 | AIL 
Input voltage (Vi)... 0.0.0.0... eee eee Vss Vpp V a Le ee Data bus line Note (1), Note (2) 
Operating temperature (Ta).................. O 50°C ee ae 
Storage temperature (Tstg)...............05. -20 70°C | 12 | DBS | HL 
| 13 | Be | HA 
ELECTRICAL CHARACTERISTICS | 14 | 0B7 | HA | 
Ta = 25°C, Vop = 5.0V +0.25V a te ae ae 
Input “high” voltage (Viy) .. 2.6... eee 2.2 V min. Note: 
Input ‘‘low” voltage (Vy). .... 2... ee es 0.6 V max. In the HD44780, the data can be sent in either 4-bit 2-operation or 
Output high voltage (Vox) (-loy = 0.2mMA)......... 24V min. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 
Output | lt V In, = 1.2mA 0.4V (1) When interface data is 4 bits long, data is transferred using only 4 
utput low voltage (VoL) (-loL = 1-2mMA).......... mer. buses of DB,~DB, and DB,~DB, are not used. Data transfer 
Power supply current (Ipp) (Vpp = 5.0 V)......... 1.0 mA typ. between the HD44780 and the MPU completes when 4-bit data is 
3.0 MA max. transferred twice. Data of the higher order 4 bits (contents of 
Power supply LED (Viep= 5.0 V)...........005. 30 mA typ. DB,~DB., when interface data is 8 bits long) is transferred first 


and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


Power supply for LCD drive (Recommended) (Vpp — Vo) 
Du = 1/16 (2 


— 


90.0 
75.0+0.3 


75403 | O00. 
8.5 73.540.3 


13.040.3 


(<a 


2.54 Pitch 15~61.0 


26.6103 _, 


59.62 £0.1 


64.5+0.3 14,0 max. 


4-2.8+0.2 ae 


Fig. 1 External dimension 
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Fig. 2 Block diagram 
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Unit: mm 
Scale: NTS 
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Fig. 3 Display pattern 
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LCD MODULE 


Vpp-Vo:LC Driving Voltage 
VR: 10KQ ~ 20KQ 


Fig. 4 Power supply 


TIMING CHARACTERISTICS 


Fig. 5, Fig.6 
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Fig. 5 Interface timing (data write) 


Fig.6 Interface timing (data read) 
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FEATURES 


M 16 character x 2 lines w/LED backlighting 
@ Built-in controller LS! HD44780 type (see section 6). 
M +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size................ 90W x 36H x 14D (max.) mm 
Effective display area................. 64.5W x 13.8H mm 
Character size (5 x 10 dots)............ 2.95W x 3.8H mm 

PINCH Ss Oa hhc onis. 2h ha bao eek buenas 3.65 mm 
Dot size ............ hat wees able 0.55W x 0.5H mm 
WIG 3.5, pou oo tG ee oe hee eee ee eed about 25 g 


ABSOLUTE MAXIMUM RATINGS 


min. max 
Power supply for logic (Vpp — Vss)......---55: 0 7.0V 
- Power supply for LCD drive (Vpp - Vo)... .....- 0 13.5V 
Input voltage (Vi)... ... 0.0.0... eee eee eee Vss Vpp V 
Operating temperature (Ta).................. O 50°C 
Storage temperature (Tstg).................. -20 70°C 
ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0 V +0.25 V 
Input “high” voltage (Vip)... 2... ee 2.2 V min. 
Input “low” voltage (Vi) .........0- eee eee 0.6 V max. 
Output high voltage (Voy) (-loy = 0.2MA)......... 2.4 V min. 
Output low voltage (Vo,) (-lo. = 1.2MA).......... 0.4 V max. 
Power supply current (Vpp = 5.0 V)............. 30 mA typ. 
Power supply for LCD drive (Recommended) (Vpp — Vo) 
Du = 1/16 


Nalres “OPRC Gites ott yee heehee oe a a 4 4.6 V typ. 
TA S259 C th ceetavt gree cateaweienaled gonna 4.4 V typ. 
Ta = 50°C occ cece ees eeceeeeas 4.2 V typ. 
OPTICAL DATA ............02 ccc uaeee See page 15. 


L: Instruction code input 


H: Data input 


H: Data read (LCD moduleMPU) 
L: Data write (LCD module <-MPU) 


Enable signal 


Data bus line 
Note (1), Note (2) 


Note: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


8.5 be 73.5+0.3 


2.54 Pitch 


£OF OLE 
€0F99¢ 


N 
<a 


3.0 


Unit: mm 


14.0 max. 


Scale: NTS Fig. 1 External dimension 
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Unit: mm 
Scale: NTS 


LCD MODULE 
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Fig. 2 Block diagram 


Fig. 3 Display pattern 


LC Driving 
Voltage 


Vpp-Vo 


VR: 10KQ ~ 20KQ 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


Enable cycle time 


Enable pulse width 
Enable rise/fall time 


ee 
Fig. 5, Fig.6 


ree 
re 


2.4V : 
( Valid Data ) me 
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L ss fea ee Se So of UEC 


Fig.6 Interface timing (data read) 
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SUMMARY Ve. SOFC ge crises nce 8 wean bathe Se 4.6 V typ. 
| 16 character x 2 lines w/LED backlighting Ta = 25°C i a 4.4 V typ. 

at | Nese 10 OG: ca scent Sola ctt eau oe ate ad bh cosa es Woataiee te dae 4.2 V typ. 
@ Built-in controller LSI HD44780 type (see section 6). 


mt oY sindie power supply OPTICAL DATA See page 15 


MECHANICAL DATA (Nominal dimensions) 


Module size.............. 9OW x 44H x 13.8D (max.) mm a ae 
Effective display area ............... ,. 61W x 16.3H mm = a se 
OV 

Character size (5 x 7dots)............ 2.96W x 4.86H mm ss 

, 2 Ve =] omer supe 

PU ie ieee aie Bel wig Gt nese calm Bae eee ita 3.55 mm Se Se aa 

: © 
Dot size desea icin Ried, eg atipg tacked dato oas 0.56W x 0.66H mm , Se aj. | L:lnstruction code input 
Weight Sr about 25 g H: Data input 


RW H/L H: Data read (LCD module MPU) 
ABSOLUTE MAXIMUM RATINGS L : Data write (LCD module« MPU) 
ae 


a a 

Power supply for logic (Vpp — Vss)..---------- 0 7.0V 

Power supply for LCD drive (Vpp — Vo)... ..---- 0 13.5V 

Power supply forLED...................... 160mA 

Input voltage (Vi)... 6.6.0... ee eee eee Vss Vpp V Data bus line Note (1), Note (2) 

Operating temperature (Ta)...............06. 0 50°C 

Storage temperature (Tstg)...............0.. -20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, Vpp = 5.0 V +0.25 V Nisa: 

Input “high” voltage (Viq) «0... 6. ee eee eee 2.2 V min. In the HD44780, the data can be sent in either 4-bit 2-operation or 

Input “low” voltage (Vi_) . 0.6... 0... ee eee eee 0.6 V max. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

Output high voltage (Von) (-loy = 0.2mA)......... 2.4V min. (1) When interface data is 4 bits long, Yata is transferred using only 4 
i. , buses of DB,~DB, and DB,~DB, are not used. Data transfer 

SO MIDULIOW VONAGS (WOU IOLA aie uebaws one between the HD44780 and the MPU completes when 4-bit data is 

3.0 mA max. transferred twice. Data of the higher order 4 bits (contents of 
Power supply LED (Viep= 5.0 V)............... 80 mA typ. DB,~DB, when interface data is 8 bits long) is transferred first 
Power supply for LCD drive (Recommended) (Vpp — Vo) and then lower order 4 bits (contents of OB, ~DB, when interface 
Du = 1/16 data is 8 bits long). 


(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


13.8 max. 


12.3505 


(2.4) 


36.0+0.3 
44.0+0.1 


e) 
co) 
+ 
Q 
t 
So) 


15-01.0 


Sea [ 
pooni non oy 

1 
ae 


13.2 40.5 2.54 Pitch 
75.0£0.5 


70+05 76.0+0.3 


i 


Unit: mm 


Scale: NTS Fig. 1 External dimension 
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LCD-II 


Fig. 2 Block diagram 
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Unit: mm 
Scale: NTS 


Fig. 3 Display pattern 


LCD MODULE 


Vpp-Vo:LC Driving Voltage 
VR: 10KQ ~ 20KQ 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


[estscwiete |e PRR 


Data set up time tosw 
Hold time 


Fig. 5, Fig. 6 
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Fig.5 Interface timing (data write) 
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Fig.6 Interface timing (data read) 
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SUMMARY 


@ 20 character x 2 lines w/LED backlighting 
8 Built-in controller LS! HD44780 type (see section 6). 
M@ +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size............... 126W x 39H x 14D (max.) mm 
Effective display area ................... 83W x 18.6H mm 
Character size (5 x 7 dots)............. 3.2W x 4.85H mm 

iC Michail ae bea see ae ins ok ee ee 3.7mm 
DOWSIZ6 9262 asd cng e Redd beh RE 0.6W x 0.65H mm 
WEIONUE 2.4 5 vec oo eee bE oe eee ee Vaio ee about 25 g 
ABSOLUTE MAXIMUM RATINGS 

min. max. 
Power supply for logic (Vpp — Vgs)....-------- 0 7.0V 
Power supply for LCD drive (Vpp - Vo). ...----- 0 13.5V 
Power supply forLED...................0.. 220mA 
Input voltage (Vi)... 6... eee ees Vss Vpp V 
Operating temperature (Ta)................50. O 50°C 
Storage temperature (Tstg)...............065 -20 70°C 
ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0 V +0.25 V 
Input “high” voltage (Vjy) .. 6... eee eee 2.2 V min. 
Input “low” voltage (Vj)... 0... cee eee 0.6 V max. 
Output high voltage (Voy) (-loq = 0.2MA)......... 2.4 V min. 
Output low voltage (Vo) (-lo, = 1-2MA).......... 0.4 V max. 
3.0 mA max. 

Power supply LED (Vjep= 5.0 V).............. 110 mA typ. 


Power supply for LCD drive (Recommended) (Vpp — Vo) 
Du = 1/16 
OO set ce cae ee bao ees 4.6 V typ. 


Ta = 


Oe 
a) 


YOUd PSC 


Ta = 25°C....... Oe re ee ee eee 4.2 V typ. 
Mee OC oer neste aetarerceias oo wie acute 3.5 V typ. 
OPTICAL DATA...........200ececceune See page 15 


1 
=oP 


me 


L : Instruction code input 
H: Data input 


H: Data read (LCD module MPU) 
L : Data write (LCD module«-MPU) 


Enable signal 


H/L 


R/W 
a 
= b8i 
| 0B2 | HL 
ees | Hh 


Data bus line Note (1), Note (2) 


Vigo [_+5V____| Power supply 
PC 
Note: 


In the HD44780, the data can be sent in either 4bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~ODB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB,. 


14.0 max. 


73.50.2 
83.0+0.3 


108.0 +0.3 


“xew 0'6E 


| 


126.0 + 1.0 


a 


Unit: mm 


Fig. 1 External dimension 
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Unit: mm 
Scale: NTS 
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Fig. 2 Block diagram 
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Fig. 3 Display pattern 


Fig. 4 Power supply 
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Vpp-Vo:LC Driving Voltage 
VR: 10KQ ~ 20KQ 
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TIMING CHARACTERISTICS 


Item Test condition 


Fig. 5, Fig. 6 
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Fig.5 Interface timing (data write) 


2.4V 
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Fig.6 Interface timing (data read) 
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SUMMARY 


M 40 character x 2 lines w/LED backlighting 
@ Built-in controller LSI HD44780 type (see section 6). 
M +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size............ 192W x 35.5H x 15.5D (max.) mm 
Effective display area ...............0.. 154W x 15.3H mm 
Character size (5 x 7dots)............. 3.2W x 4.85H mm 

POPs a aoa iia Ai ed et ee, Sonera aaa aaa ares 3.7 mm 
DOS 2088 2.5.6 ale orice ga weasitne ipa enee 0.6W x 0.65H mm 
WVOIGIG Seiad ein ah aca esas ele Geel penne nl dn ahi about 65 g 


ABSOLUTE MAXIMUM RATINGS 


min. max. 
Power supply for logic (Vpp - Vgs).......-00- 0 7.0V 
Power supply for LCD drive (Vpp — Vo)... ...... 0 13.5V 
Power supply forLED...................... 340mA 
Input voltage (Vi)... 2... .. ee ee Vss Vpp V 
Operating temperature (Ta).................. QO 50°C 
Storage temperature (Tstg)...............05. -20 70°C 
ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vpp = 5.0V +0.25V 
Input “high” voltage (Vip)... 2. ee ee 2.2 V min. 
Input “low” voltage (Vi_).. 2... ee 0.6 V max. 
Output high voltage (Vox) (-loy = 0.2MA)......... 2.4 V min. 
Output low voltage (Vo,) (-lo, = 1.2MA).......... 0.4 V max. 
3.0 MA max. 
Power supply LED (Viep= 5.0 V).............. 170 mA typ. 
Power supply for LCD drive (Recommended) (Vpp — Vo) 
Du = 1/16 
NS HO hg shine BG el a edad Ae ad 4.6 V typ. 


€0F9 92 


147.5+0.2 
154.0£0.3 
163.5+0.3 


175.0£0.3 


Te 0 ree ea eee nds eeeua teehee 4.4 V typ. 
Te 509 C a Mice trsee e's iw bab ed ad degra ewes 4.2 V typ. 
OPTICAL DATA...........0.0 wen cnaee See page 15 


L : Instruction code input 
H: Data input 


H: Data read (LCD module MPU) 


H/L | L: Data write (LCD module MPU) 


H, HL | Enable signal 


Data bus line Note (1), Note (2) 
| 


Power supply 


Note: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB,~DB, and DB,~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB, ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB, ~DB.,. 


‘xe GCE 


a 


A 
OLFSEE 


192.0+ 1.0 


Note: IC Height 


Fig. 1 External dimension 
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Driver Driver Driver 


OO 
Se 
OO 
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ie gz 
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Unit: mm 
Scale: NTS 


Fig. 3 Display pattern 


LCD MODULE 


Vpp-Vo:LC Driving Voltage 
VR: 10KQ ~ 20KO 


Fig. 4 Power supply 
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TIMING CHARACTERISTICS 


wie | Taerion 


2 


2.2V 
0.6V 


ICYC 


Fig. 5 Interface timing (data write) 


Valid Data \ ony 
0.4V 


tCYc 


Fig. 6 Interface timing (data read) 
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@® HD44780 Controller Data for Hitachi Character 


LCM’s 


@ CB1020R - CB1026R - CB1030R * CB1040R - 
Hitachi Graphics LCM Controller Card includ- 
ing HD61830 > HD61830B 
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HOW TO USE HITACHI'S BUILT-IN CONTROLLER DRIVER 


LCD-II (HD44780) DOT MATRIX LCD MODULE 
SETS aT 


# INTRODUCTION 


The LCD-II (HD44780) is a dot matrix liquid crystal display 
controller & driver LSI that displays alphanumerics, kana 
characters and symbols. It drives dot matrix liquid crystal 
display under 4-bit or 8-bit microcomputer or microprocessor 
control. All the functions required for dot matrix liquid crys- 
tal display drive are internally provided on one chip. 

The user can complete dot matrix liquid crystal display sys- 


tems with less number of chips by using the LCD-II (HD44780). 


If a driver LS! HD44100H is externally connected to the 
HD44780, up to 80 characters can be displayed. 

The LCD-II is produced in the CMOS process. Therefore, the 
Combination of the LCD-II with a CMOS microcomputer or 
microprocessor can accomplish a portable battery-drive 
device with lower power dissipation. 


1. Applicable type 


(1) 1 line series 
LM054 * H2570 * LM015 * LM568AF * LMO20L * LMO70L = 
LM038 * LM027 * H2571 * LM058 

(2) 2 line series 
LMO52L ¢ LMO16L * LMO32L * LMO6OL * LM0O17L * LMO18L 
LMO75L ¢ LM074L * LMO68L * LMO061L 

(3) 4 lines series 
LM041L * LM044L 

(4) Compact version 
LM104L * LM105L * LM107L 


2.. Connecting MPU with LCM 


2.1 Driver circuit block diagram 

Figure 1 shows the driver circuit block diagram of LCM with 
built-in controller LSI. Controller LS! HD44780 (LCD-II) is 
built-in this LCM. Also extended LCD driver LSI is built in 
the LCM that displays more than 16 digits. 


= FEATURES 


@ Capable of interfacing to 4-bit or 8-bit MPU. 
@ Display dataRAM ........ 80 x 8 bits 
(80 characters, max.) 
@ Character generator ROM.... 
Character font5 x 7 dots: 160 characters 
Character font 5 x 10 dots: 32 characters 
@ Both display data and character generator RAMs can be 
read from the MPU. 
@ Wide range of instruction functions 
Display clear, Cursor home, Display ON/OFF, Cursor 
‘ON/OFF, Display character blink, Cursor shift, Display 
® Internal automatic reset circuit at power ON. (Internal 
reset circuit) 


Liguid crystal disply module 


Ce and 


Driver LSI 


= 
| 
| 

ao me ce Ps Driver LSI : 


Fig. 1 Driver circuit block diagram 
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2.2 Interfacing to MPU 
In the HD44780, data can be sent in either 4-bit 2-operation 
or 8-bit 1-operation so it can interface to both 4 and 8 bit 


MPU’s. 

(1) When interface data is 4-bits long, data is transferred lower order 4 bits (content of DBy ~ DB3 when interface 
using only 4 buses: DB, ~ DB,. DBy ~ DB3 are not data is 8 bits long) is transferred. Check the busy flag 
used. Data transfer between the HD44780 and the MPU after 4-bit data has been transferred twice (one instruc- 
completes when 4-bit data is transferred twice. Data of tion). A 4-bit 2-operation will then transfer the busy flag 
the higher order 4 bits (contents of DB, ~ DB, when and address counter data. 


interface data is 8 bits long) is transferred first, then the 


DBs YK TBs XT Rs XZZK8EXZXAC XO, 
DBs LK _LRe X LRe LCRA C2 RULLIRO PRL ROR RL, 

DBs Z/2X_TRs X LR ZZ KIKAC ROR KDOR. 
DB. ZZ2K_IRs XL Ro XXX A Co KI DROEKTDRORLL, 


Busy flay (BF) and 
address counter (AC) read 


Instruction(IR) write Data register (DR) read 


Fig. 2 4-bit data transfer example 


(2) When interface data is 8 bit long, data is transferred using 
the 8 data buses of DBy ~ DB>. 


2.3 Interface to MPU 
(1) Interface to 8-bit MPU 


Tninenal Internal operation 


Instruction write Busy flag check | Busy flag check Busy flag check | Instruction write 


Fig. 3 Example of busy flag check timing sequence 


T) 
6 
(1) When connecting to 8-bit MPU through PIA 5 
Fig. 4 is an example of using a PIA or I/O port (for buses DBy to DB, and PA g to PA, are connected to E, a 
single chip microcomputer) as an interface device. Input R/W and RS respectively. Pay attention to the timing 
and output of the device is TTL compatible. relation between E and other signals when reading or 
In the example, PB) to PB, are connected to the data writing data and using PIA as an interface. | 
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Connected 
HD68B00 HD46780 fone 
SEG,~ 
SEG 4, 
Fig. 4 Example of interface to HD68B00 using PIA (HD68B21) 
(2) Connecting directly to the 8 bit MPU bus line 
LCM 
COM, 
E ~COMi6 
HD44780 
Connected 
HD6800 to LCD 
SEG, 
~S EGgo 
(3) Example of interfacing to the HD6805 
Connected 
HD6805 to LCD 
SEG, 
~S EGyo 
(4) Example of interfacing to the HD6301 
LCM 
ny COM, 
~COMi6 
HD4 4780 Connected 
to LCD 


HD6301 
DBo~DB7 


SEG, 
~SEGao 
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(5) Example of interfacing to Z80 MPU 


HD44780 


(a) Above circuit is an example of connection with Z80 
MPU and HD44780A00 as an !/O equipment. It 
can be used as a part of memories by using MREQ 
signal. 

(b) AO signal can be used for RS signal. 

AO = 0: Instruction register is selected. 
AO = 1: Data register is selected. 


(6) Example of interfacing to 80 CPU family 


Note: 280 is the trademark of ZILOG, U.S.A. 


(c) In order to check busy flag, transfer the data of 
DBy ~ DB; to A register (accumulator) by execut- 
ing In/Out instruction. After that, busy flag can 
be easily checked by examining DB,. 


LCM 
(LCD—1) 


Fig. 5 Example of connection with LCM being used as a part of memories on the determined address. 


Figure 5 is an example of connection with LCD module 
being used as a part of memories on the determined 
address. 

Generates RS signal (Register Select signal) by latching 
the content of ADg at the rising edge of ALE signal. By 
using this method, you can obtain RS signal from the 
ADo among 8 bit addresses generated at the clock of the 
first machine cycle. In case of using LCD module as an 


|/O equipment, chip select signal is necessarily activated 
when IO/M signal is ““High’”’ level. 

Furthermore, by using A8 for RS signal, the interface is 
easily realized. 

By both methods, busy flag can be checked by storing 
status data into A register (Accumulator) and examining 
the bit 7 by software. 
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(2) Interface to 4-bit MPU | 
The HD44780 can be connected to a 4-bit MPU through 
the 4-bit MPU I/O port. If the I/O port has enough bits, 
data can be transferred in 8-bit lengths, but if the bits are 
insufficient, the transfer is made in two operations of 4 
bits each (with designation of interface data length for 
4 bits). In the latter case, the timing sequence becomes 


RS 


somewhat complex. (See Fig. 6) 

Fig. 7 shows an example of interface to the HMCS43C. 
Note that 2 cycles are needed for the busy flag check as 
well as the ‘data transfer. 4-bit operation is selected by 
program. 


ie ee 
eed eee ee 


Internal Internal operation 


per ZZKIR*XTR NZ pny AO ZA Bs sv [ACN BT XB SN 


Instruction write Busy flag check 


Busy flag check Instruction write 


(Note) IR7,IR3 : Instruction 7th bit, 3rd bit. 
AC3 : Address counter 3rd bit. 


Fig.6 An example of 4 bit data transfer timing sequence 


DB4~DB7 


Fig. 7 Example of interface to the HMCS43C 


3. Precautions on constituting hardwares 


3.1 Chip select 

HD44780 has no CS (chip select) terminals. Therefore, when 
this LSI is connected directly to Data Bus line not through PIA 
and so on, add the circuit that inhibits the output of Enable 
signal at the address which is not assigned for HD44780. 


E ; 
Ais iee—_ 0 
nee 0 > E 
13 
: LCM 
Ao RS 
R/W R/W 


Fig. 8 Example of addresses (3000);¢ ~ (3FFF)16 being assigned for 
HD44780 


3.2 Ability of driving bus line 

DB, to DB, can drive one TTL or capacitance of 130 pF. 

The data bus terminals have three-state constructions and re- 
main in high impedance state while Enable signal being low 
level. 

Since the data bus has pull up MOS, it outputs high level volt- 
age during the data bus being opened. 


3.3 Power supply voitage for liquid crystal display drive 

At Interface of liquid crystal display module, there are three 
power supply terminals, Vpp, GND, and Vy. LCD module 
is driven by the voltage that is equal to Vpp — Vo, when 
supplying power for liquid crystal display drive to Vo terminal. 
Since suitable voltage of power supply for LCD shifts ac- 
cording to temperature change adjust supplying power to LCD 
by referring to Fig. 9 or Fig. 10. 
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(1) Example of variable driving voltage by a variable resistance 


(VR) — | 
The driving voltage can be changed'by VR to compensate 
the influence of surrounding temperature. 


Recommended Vk value=10kQ ~20kQ 


Fig. 9 Variable driving voltage circuit 


(2) Example of a thermal compensator circuit 
When setting the voltage, refer to Table-1 


+5V 


Thermistor 


¥ 


RE 
(27.2k@) 


Vz Ri 


GND 


Thermistor ae (Tasos) 


Fig. 10 Example of a thermal compensator circuit 


Table 1 
| . Recommended driying voltage Typical circuit parameter 
Vil V) R1(kQ ) R2(kQ ) R3(kQ ) 
222 2.8 1.0 
Ze 6 ay 0.3 
0.1 1.3 0.1 
eae pee eet eee eS 


4. Initialization 


4.1 Initializing by internal reset circuit 
The HD44780 automatically initializes (resets) when power is 
turned on using the internal reset circuit. The following in- 
structions are executed in initialization. The busy flag (BF) is 
kept in busy state until initialization ends. (BF = 1) The busy 
state is 10 ms after Vcc rises to 4.5 V. 


(1) Display clear 
(2) Function set ...... DL =1 :8 bit long interface data 
N =0 : 1-line display 
F =0 :5x 7 dotcharacter font 
(3) Display ON/OFF 
control ......... D =0 : Display OFF 
C =0 : Cursor OFF 
B =O : Blink OFF 
(4) Entry mode set .... I/D =1 : +1 (increment) 
S =0 : No shift 


(5) Write DD RAM 


When the rise time of power supply (0.2 — 4.5) is out of 
the range 0.1 ms ~ 10 ms, or when the low level width of 
power OFF (less than 0.2 V) is less than 1 ms, the internal 


reset circuit will not operate normally. 


In this case, initialization will not be performed normally. 
Initialize by MPU according to ‘4.2 initializing by instruc- 


tion” at the head of program. 
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4.2 Initializing by instruction 


internal | reset circuit are. not met, _initializ. i 


a AR I TBR 


Ist requ ired. 
Use the following Procedure. for initialization. 


ponents cae 


ee 


f ale When interface i is 8 bits long 


Pee Ae OLD ILS toa, 
Power ON 


Wait more than 15 ms 
after Vpp rises to 4.5V 


RS R/W DB7 DBe DBs DBs DBs DBz DBi DBo 
0 0 O Oo 1 1 * %’% %W% X 


a 


Wait more than 4.1 ms 


er ad RANTS AIEEE Bs epee, RBA pe 
TeSys takicaes PRES he 


%, 


\, 


RS R/W DB; DBe DBs DBs DB3s DBz2 DB: DBo 


BF cannot be checked before this instruction. 
0 0 0 0 1 1 x x X Xx 


Function set (interface is 8 bits long) 


capo ecisee ! 
. 2peEe 
gore pgsheesete 


Wait more than 100 us ‘ 


RS R/W DB7z DBe DBs DBs DB3 DBz DB: DBo 


BF cannot be checked before this instruction 
0 0 0 ; 0 1 1 Xx Xx X X 


Function set (interface is 8 bits long) 


4 BF can be checked after the following instructions. When BF is 
not checked, the waiting time between instructions is longer than 


the execution instruction time. (See Table 2) 


RS R/W DB; DBs DBs DBs DBs DB2 DB: DBo 


- ‘ function set 
0 0 0 1 1 N- F x x 
Interface is 8 bits long. Th : ; 
display OFF : e number of display lines 
eee . teed A iausate pte kag and character font cannot be 
ati 7M changed afterwards. 
clear display 


entry mode set 


Initialization ends 
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(2) When interface is 4 bits long 


Wait more than 15 ms 
after Vpp rises to 4.5V 


RS R/W DB: DBe DBs BF cannot be checked before this instruction. 


0 0 0 0 1 Function set (interface is 8 bits long) 


Wait more than 
4.1 ms 


RS R/W DB: DBe DB; BF cannot be es before this instruction. 


0 0 0 0 1 Function set (interface is 8 bits long) 


Wait more than 
100 us 


RS R/W DB; DBe DB; BF cannot be checked before this instruction. 


0 0 0 0 1 Function set (interface is 8 bits long) 


BF can be checked after the following instructions. When BF is 


not checked, the waiting time between instructions is longer than 
the execution instruction time. (See Table 2) 


RS R/W DB? DBe DB; Function set (set interface to be 4 bits long) Interface is 8 bits long 
0 ] 


function set 


0 0 1 0 0 0 cep Oh. Interface is 4 bits long. 


Specify the number of 
display lines and character 


clear display font. 


The number of display lines 
and character font cannot be 
changed afterwards. 


entry mode set 


Initialization ends 
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5. Instruction 
5.1 Outline 


gph IO ty " 
a ese HERIOT mar a a 


egisters, i ee "Regi ster (IR )kand 


oe SA EEO PN SpE AN 


Thai ode stored in these registers, i allow interface from 
HD44780 internal operation to various types of MPUs which 
operate in different speeds or to allow interface to peripheral 
control ICs. HD44780 internal operation is determined by 
signals sent from the MPU. These signals include register selec- 
tion signals (RS), read/write signals (R/W) and data bus signals 
TOB> ~'DB;), and are called instructions, here. Table 2 shows 
the instructions and their execution time. Details are ex- 
plained in subsequent sections. 

Instructions are of 4 types, those that, 

(1) Designate HD44780 functions such as display format, 
data length, ete, ace Ses ae tis nen eS Lee ee 
1 (2) Give internal R/ RAM addresses. 

| (3) Perform data transfer with internal RAM 

La) Others 

In normal use, category (3) instructions are used most fre- 
quently. However, automatic _incrementing_. y..+'1 (or decre- 
menting by =) of HO44780 internal "RAM addresses after 
eac 


shift is S especially ‘able to | perform concurrently _ with display 


SELENITE SOL NIT 


data write, enabling the use user to ‘develop systems in minimum 
time swith maximum | programming. efficiency. For an explana- 
tion~of the’ shift function in its relation to display, see 5.3. 
When an instruction is executing during internal operation, no 
instruction. other than the, busy flag/address read instruction 
"will be executed. 

Because the busy Flag | is set to a " while an instruction is being 
~ executed , check to_make sure it is on 1” before sending an 
TastTUStTOA Fi rom the e MPU. ee 


rectly controlled by tt the 


data write lessens the MPU program ‘load. The display 


ne OO prmar nce PAH Reg 
cm serosa OTE 


Note 1 
Make sure the _HD44780 | is not in the busy state (BF = 0) 
Def e instruction. from. the.MPU.to~ ‘the 
HD44780. “if ‘the instruction is sent without checking 
“the busy flag, the time between first and next instructions 
is much longer than the instruction time. See Table 2 for 
a list of each instruction execution time. 

Note 2 
After executing instruction of writing data to CG/DD 
RAM or reading data from CG/DD RAM, RAM address 
counter is automatically incremented by 1 (or decrement- 
ed by 1). In this case, this shift is executed after Busy 
Flag is set to ‘“‘Low’’. tapp is stipulated the time from 
the fall edge of busy flag to the end of address counter’s 


renewal. 
Busy signal 
De busy state 
Address counter 
t ADD 


tADp depends on the operating frequency 
1.5 


t = ——__—— (5 
“ADD fcp or fosc 
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Table 2 Instructions 


t@) JV Va G Code 


\ 


Bagge 


Instruction 


Clear display 0 0 6) 


; O°? 
gsr tt 


~ 


4 


Return home 6) 0 0 


{ 


Entry mode 
set 


a eee ee 


Display ony 
OFF control 


Cursor and | 
| display shift | 


Function set 


Set CG RAM 
address. 


Set DD RAM 
address 


"AOOO 
Read busy 


flag & address He : 


es es .?h «& A. a 
to CG or \1 0 a Write Data \ Ay ie 
DD RAM | | \J | 


Read data 
x to CG or 
‘NBD RAM 


‘Read Data 


/D = increment (+1) 1/D =0: Decrement (—1) 
S = Accompanies display shift. 
S/C = Display shift S/C =0: Cursor move 
R/L =1 Shift to the right. 
R/L = Shift to the left. 
DL = 8 bits DL =O: 4 bits 
| N =1 2 lines N =O: 1 line 
F =1: 5x 10dots F =0: 5x7 dots 
| BF =1: Internally operating 
| | BF =0: Can accept instruction 
*No effect 
Notes 1. Applied to models driven by 1/8 duty or 1/11 ae 


2. Applied to models driven by 1/16 duty. 


Description 


Clears all display and returns the 
cursor to the home position 
(Address 0). 


S UEEEEEEEEEEEEEL EERIE 


Returns the cursor to the home posi- 
tion (Address 0). Also returns the 
display being shifted to the original 
position. DD RAM contents remain 
unchanged. 


Sets the cursor move direction and 
specifies or not to shift the display. 


Execution time 


(when fosc is 


250 kHz) 
Note 1 


82 us ~ 1.64 ms 


Execution time 
(when fosc is 


160 kHz) 
Note 2 


120 us ~ 4.9 ms 


120 us ~ 4.8 ms 


40 120 
These operations are performed es anus 
during data write and read. 
Sets ON/OFF of all display (D), 
cursor ON/OFF (C), and blink of 40 us 120 us 


cursor position character (B). 


ote 


Moves the cursor and shifts the 
display without changing DD RAM 
contents 


Sets interface data length (DL) 
number of display lines (L) and 


| character font (F). 


a 


Sets the CG RAM address. CG RAM 


| data is sent and received after this 


setting. 


Sets the DD RAM address. DD RAM 
data is sent and received after this 
setting. 


Reads Busy flag (BF) indicating 
internal operation is being performed 
and reads address counter contents. 


Writes data into DD RAM or CG 
RAM. 


Reads data from DD RAM or CG 
RAM. 


DD RAM: Display data RAM 

CG RAM: Character generator RAM 

ACG: CG RAM address 

App: DD RAM address 
Corresponds to cursor 
address. 

AC: Address counter used for 
both of DD and CG RAM 
address. 
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Tus 


40 us 


40 us 


Execution time changes when 
frequency changes. 

(Example) 
When fosc is 270 kHz: 


250 
| 40 us x = 
270 


1 us 


37 ws 


ee nerrne errata 
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Description of details 
Clear display 
RS RW DB, DBo 


code fo} oj ojo} ojojojo}ojr, 


Writes space code ‘20’ (hexadecimal) (character pattern 
for character code ‘20’ must be blank pattern) into all 
DD RAM addresses. Sets DD RAM address 0 in address 
counter. Returns display to its original status if it was 
shifted. In other words, the display disappears and the 
cursor or blink go to the left edge of the display (the 
first line if 2 lines are displayed). Set 1/D = 1 (Increment 
Mode) of Entry Mode. S of Entry Mode doesn’t change. 


Return home 
RS R/W DB, DBo 


oo CCR 


* No effect 
Sets the DD RAM address O in address counter. Returns 
display to its original status if it was shifted. DD RAM 
contents do not change. The cursor or blink go to the left 
edge of the display (the first line if 2 lines are displayed). 


Entry mode set 
RS R/W DB, DBy 


coe [of olotolololo/s fun) s | 


1/D: Increments (I/D = 1) or decrements (I/D = 0) the DD 
RAM address by 1 when a character code is written 
into or read from the DD RAM. The cursor or blink 
moves to the right when incremented by 1 and to the 
left when decremented by 1. The same applies to 
writing and reading of CG RAM. 

S: Shifts the entire display either to the right or to the 
left when S is 1; to the left when I/D = 1 and to the 
right when I/D = 0. Thus it looks as if the cursor 
stands still and the display moves. The display does 
not shift when reading from the DD RAM when 
writing into or reading out from the CG RAM does it 
shift when S = 0. 


5 x 7 dot character 
font 


pd ‘digit ‘of the 1st line.” ‘Notice that the 1st and 2nd It 


(4) Display ON/OFF control 


RS RW mE A 0 


cow [olo[ololfolo[sfole|s 


D: The display is ON when D = 1 and OFF when D = 0. 
When off due to D = 0, display data remains in the 
DD RAM. It can be displayed immediately by setting 
D = 1. 

C: The cursor displays when C = 1 and does not display 
when C = 0. Even if the cursor disappears, the func- 
tion of I/D, etc. does not change during display data 
write. The cursor is displayed using 5 dots in the 8th 
line when the 5 x 7 dot character font is selected and 
5 dots in the 11th line when the 5 x 10 dot character 
font is selected. 

B: The character indicated by the cursor blinks when B 
= 1. The blink is displayed by switching between all 
blank dots and display characters at 409.6 ms interval 
when fcp or fosc = 250 kHz. The cursor and the 
blink can be set to display simultaneously. (The 
blink frequency changes according to the reciprocal 


250 
of fop or f,.,- 409.6 x 770 * 379.2 ms when fcp 
= 270 kHz.) 
se ote [om oo am an an | see tcc) 


~ Cursor 
Alternating display 


5 x 10 dot character 
font 


(a) Cursor Display Example (b) Blink Display Example 


(5) Cursor or display shift 


RS R/W DB, DBo 


com [ofofofolols]sefen]-[= 


* No effect 
Shifts cursor position or display to the right or left with- 
out writing or reading display data. This function is used 
to correct or search for the display. Ina 2- -line display, | 
the cursor moves to the 2nd line when it it Passes ‘the 40th. 


“plays will shift at the same time. When the displayed data 
is shifted repeatedly each line only moves horizontally. 
The 2nd.line.display does not shift into the.1st.line posi- 
tion. 


Barygys or ek 
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S/C —R/L 

0 0 Shifts the cursor position to the left. 
(AC is decremented by one.) 

0 1 Shifts the cursor position to the right. 
(AC is incremented by one.) 

1 0 Shifts the entire display to the left. The 
cursor follows the display shift. 

1 1 Shifts the entire display to the right. The 


cursor follows the display shift. 
Address counter (AC) contents do not change if the only 
action performed is shift display. 


(6) Function set 


RS R/WDB,——_+—_#___—_ By 


co [olojo}olsiojwie] +] 


* No effect 
DL:Sets interface data length. Data is sent or received in 
8 bit lengths (OB, ~ DBg) when DL = 1 and in 4 bit 
lengths (DB, ~ DB,) when DL =0. 
When the 4 bit length is selected, data must be sent 
or received twice. 
N: Sets number of display lines. 
F: Sets character font. 


(Note) Perform the function at the head of the program before ex- 


ecuting all instructions (except ‘Busy flag/address read’’). 
From this point, the function set instruction cannot be 
executed unless the interface data length is changed. 


Character Duty 


5 x 10 dots 1/11 


Cannot display 2 lines 
5x 7 dots 1/16 with 5 x 10 dot charac- 
ter font. 


* No effect 


(7) Set CG RAM address 
RS R/W DB, DBo 


ti (ETAL S LISI A ARIAS 


Higher Lower 
Order Bits Order Bits 


Sets the CG RAM address into the address counter in 
binary AAAAAA. Data is then written or read from the 
MPU for the CG RAM. 


<< 
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(8) Set DD RAM address 
RS R/W DB, DBo 


cow [oJo] s[alala[ala]a la 


Higher lower at 
Order Bits Order Bits 


f he—adedr counter in 
. Data is then written or read fr the 


< 


Sets the DD RAM 
binary AAAAA. 


, when N = O (1-line display), AAAAAAA is 
“00” ~ “4F" (hexadecimal), 

when N = 1 (2-line display), AAAAAAA is 

“00" ~ “27” (hexadecimal) for the first line, 

and “40” ~ “67” (hexadecimal) for the second 

line. 


(9) Read busy flag & address 
RS R/W DB, 


DBo 


coe [ol sfor[a[alalal lala 


Higher Lower ae 
Order Bits Order Bits 


Reads the busy flag (BF) that indicates the system is now 
internally operating by a previously received instruction. 
BF = 1 indicates that internal operation is in progress. 
The next instruction will not be accepted until BF is set 
to “0”. Check the BF status before the next wire opera- 
tion. 

At the same time, the value of the address counter ex- 
pressed in binary AAAAAAA is read out. The address 
counter is used by both CG and DD RAM addresses, 
and its value is determined by the previous instruction. 
Address contents are the same as in Items (7) and (8). 


(10) Write data to CG or DD RAM 
RS R/W DB, DBo 


cow [1 {0} o}elololo[olelo 


Higher Lower “s 
Order Bits Order Bits 


Writes binary 8 bit data DDDDDDDD to the CG or the 
DD RAM. Whether the CG or DD RAM is to be written 
into is determined by the previous specification of CG 
RAM or DD RAM address setting. After write, the 
address is automatically incremented or decremented by 
1 according to entry mode. The entry mode also deter- 
mines display shift. 
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_ 1) Read data from CG or DD RAM 5.3 Instruction and display correspondence 
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RS R/W DB, DBo (1) 8-bit operation, 8-digit x 1-line display (using internal 
cow [1] [2[e]e]o]olololo cen tien 
Following table shows an example of 8-bit x 1-line display 
Higher Lower : , : 
< Order Bits Order Bits in 8-bit operation. 


Reads binary 8 bit data DDDDDDDD from the CG or DD 
RAM. The previous designation determines whether the 
CG or DD RAM is to be read. Before entering the read 
instruction, you must execute either the CG RAM or DD 
RAM address set instruction. If you don’t, the first read 
data will be invalidated. When serially executing the 
“read” instruction, the next address data is normally read 
from the second read. The ‘‘address set’ instruction need 
“not be executed just before the “‘read’’ instruction when 
shifting the cursor by cursor shift instruction (when 
reading out DD RAM). The cursor shift instruction 
operation is the same as that of the DD RAM’s address 
set instruction. 

After a read, the entry mode automatically increases or 
decreases the address by 1. However, display shift is not 
executed no matter what the entry mode is. 

_ (Note) The address counter (AC) is automatically incre- 
mented or decremented by 1 after ‘‘write’’ instruc- 
tions to either CG RAM or DD RAM. RAM data 
selected by the AC cannot than be read out even if 
“read” instructions are executed. The conditions 
for correct data read out are: execute either the 
address set instruction or cursor shift instruction 
(only with DD RAM), just before reading out ex- 
ecute the ‘‘read’’ instruction from the second time 
the “read”’ instruction is serial. 


The HD44780 functions must be set by Function Set 
prior to display. Since the display data RAM can store | 
data for 80 characters, as ‘explained before, the RAM can 


be used for displays like the lightening board when com-" 
bined with display shift operation. 
~ Since the display shift operation changes display position 


only and DD RAM contents remain unchanged, display 
data entered first can be output when the return home 
operation is performed. 
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8 bit operation, 8- digit 1-line display example (using internal reset) 


0 Oa QO 


No. Instruction Display Operation 
p | HD44780 is initiali 
1 mahi ses eaeih eas inigielaed: BY | | Initialized. No display appears. 
the internal reset circuit) 
PS gat erence meee ern em gt ne ea Pa up pe ; Ras er ee ee a 
Eunction Set Sets to 8-bit operation and selects Plier display 
7 RS R/W DB, —— By | _ | | | lines and character font. (Number of display 
0 0 0 0 1 1 0 oO ‘ y lines and character fonts cannot be changed 
hereafter.) 
3 Display ON/OFF Control = | Turns on display and cursor. Entire display is 
| 0 0 0 0 0 0 1 1 1 ) in space mode because of initialization. 
ea a EE a rT es LB - eas nh 
Sets mode to increment the address by one and 
4 Entry Mode Set to shift the cursor to the right at the time of 
6) 8) 0 0 0 0 0 1 1 0 [- write to the DD/CG RAM. 
Display is not shifted. 
[/}— aR —- eo 
Write ‘‘H’'. The DD RAM has already been 
' Write Data to CG RAM/DD RAM | oe initialization when the power is 
1 0 0 1 0 0 1 0 0 0 Le | eee 
The cursor is incremented by one and shifted to 
the right. 
-—_ Write Data to CG RAM/DD RAM a oe pas 
{ 0 oO 4 6 O * -O @ 4 Ho " 
7 ! ? 
Write Data to CG RAM/DD RAM ' da enees 
8 1 0 0 1 0 0 1 0 0 1 [ATTACH Uz! Writes ‘‘I'’. 
Entry Mode Set ; ; , , 
“ " f hif h f ; 
9 0 0 0 0 0 0 0 1 1 1 HITACH 1_] Sets mode for display shift at the time of write 
ata ee eee ee eee | 
Write Data to CG RAM/DD RAM : ae is 
10 1 0 0 0 1 0 0 0 0 0 | ITACHI _ | Writes ‘‘Space”’. 
Write D CG RAM/DD RAM _ 
rite Data to RA cenyer 
Mls 0 0 4 00110 1 [TACHI M_ veeee ees 
12 | ! 
[caves ate ih De Sa paren tree Poem ee pias Se —{ 
| Write Data to CG RAM/DD RAM | 
ICROKO mee | 
SS }t0006006%1000C(«w Ulta a . = fo 
aa ae - rae ea 1 0 Oo ; " | | MICROKO | Shifts only the cursor position to the left. 
15 aut ~ oe sa 1 0 0 - % MICROKO | Shifts only the cursor position to the left. 
SS Se Se es ee ee ee Oe 
| 16 | Write Data to CG RAM/DD RAM 1CROCO Writes ‘‘C” (correction). The display moves to 
1 #0 OO 14 0 0 0 0 1 1 == the left. | 
Cursor or Diaplay Shift Shifts the display and cursor position to the 
MICROCO 
ve 0 0 8) 0 0 1 1 1 3 = Co right. 
18 oe mt oe as 1 0 1 2 ‘i MICROCO_ Shifts display and cursor position to the right. 
Write Data to CG RAM/DD RAM . 
4 “MA. 
Len ne ane ns Do aOR CRU ET rapes 
} ae Sy 
20 3 
I 
Return Home [HITACHI | | Returns both display and cursor to the original 
HITACHI 
a 0 0 0 0 0 14 +90 ue | position (Address 0). | 
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(2) 4-bit operation, 8-digit x 1-line display (using internal 
reset) 
The program must set functions prior to 4-bit operation. 
The following table shows an example. When power is 
turned on, 8-bit operation is automatically selected and 
the first write is performed as an 8-bit operation. Since 


4 bit operation, 8-digit 1-line display (using internal reset) 


Power supply ON (HD44780 is initialized by 
the internal reset circuit) 


isplay ON/OFF Control 
0 8] 
0 1 


Write Data to CG RAM/DD RAM 


1 0 0 1 
1 0 1 0 


Entry Mode Set 
0 ie) 
¢) 


Oo oO 
Oo 


Hereafter, control is the same as 8-bit Operation. 
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= 


nothing is connected to DBg ~ DB;3, a rewrite is then 
required. However, since one operation is completed in 
two access of 4-bit operation, a rewrite is needed as a 


_ function (see the following table). 


Thus, DB, ~ DB, of the function set is written twice. 


Operation 


initialized. No display appears. 


Sets to 4-bit operation. In this case, operation 
is handied as 8 bits by initialization, and only 
this instruction completes with one write. 


Sets 4-bit operation and selects 1-line display 
and 5 x 7 dot character. font. 4-bit operation 
starts from this point on and resetting is 
needed. (Number of display lines and character 
fonts cannot be changed hereafter.) 


Turns on display and cursor. Entire display is in 
space mode because of initialization. 


Sets mode to increment the address by one and 
to shift the cursor to the right, at the time of 
write, to the DD/CG RAM. 

Display is not shifted. 


Writes ’’H’’. 
The cursor is incremented by one and shifts 
to the right. 
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(3) 8-bit operation, 8-digit x 2-line display shift are performed. In the example, the display shift is 
For 2-line display, the cursor automatically moves from performed when the cursor is on the second line. How- 
the first to the second line after the 40th digit of the 1st ever, if shift operation is performed when the cursor is 
line has been written. Thus, if there are only 8 characters on the first line, both the first and second lines move 
in the first line, the DD RAM address must again be set together. When you repeat the shift, the display of the 
after the 8th character is completed. (See the following second display will only move within each line many 
table) Note that the first and second lines of the display times. 


8 bit operation, 8-digit x 2-line display example (using internal reset) 


a 
Power supply ON (HD44780 is initialized etch ; 
by the internal reset circuit) PI aN eee NOnarpley PPRests: 


| Function Set 
RS R/W DB,—— ss ~~ DB 
0 O O O 1 1 1 0 sa 


Sets to 8-bit operation and selects 2-line display 
and 5 x 7 dot character font. 


Display ON/OFF Control 
0 0 0 0 0 


Turns on display and cursor. All display is in 
space mode because of initialization. 


Sets mode to increment the address by one and 
to shift the cursor to the right, at the time of 
write, to the DD/CG RAM. 

Display is not shifted. 


Write “H". The DD RAM has already been 
selected by initialization when the power is 


Entry Mode Set 
0 O Qa O 


Write Data to CG RAM/DD RAM 
1 0 0 1 @] @) 1 


turned on. 
The cursor is incremented by one and shifted 
to the right. 


we Data i cs AMIDE RAW 
Cg Set a bp adie 
a ni) — to as seal Aen HITACHI 


ao 
oo Data oe - peters ess HITACHI 

1 MICROCO_. 
ame a a HITACHI Sets mode for display shift at the time of write. 

0 MICROCO_. 


; Writes ‘‘M’’. Display is shifted to the right. 
Pia ee eee The first and second lines’ shift are operated 


TACHI 
1 O O Oo 61 ICROCOM_ at the same time. 


o 


—_ 


Writes ‘0’. 


Return Home HITACHI Returns both display and cursor to the original 
0 0 0 00 0 0 0 1 +0 MICROCOM position (Address 0). 
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Precaution on programming 


Instruction of function set 
Perform the function at the head of program that accesses 
HD44780 before executing all instructions, and not 
change the data of the Instruction Register in the pro- 
gram. The data of function register can be changed by 
the program as follows; 
a. e Changing of DL (Data Length) 
e Perform the instruction appointed in 4.2 (2), when 
DL is changed from 8-bit length to 4-bit length mode. 
ePerform the instruction appointed in 4.2 (1), when 
DL is changed from 4-bit length to 8-bit length mode. 
b. eChanging of N (Column Number) 
e Perform the instruction of function set after execut- 
ing instruction of display clear or display off. 
In this case, sequence of AC and DD RAM must be 
changed. Thus, rewrite the address set register after that. 
c. eChanging of F (Font) 
e There is no problem in this case, but for dual-line dis- 
play, the font mode of 5 x 11 cannot be selected (this 
mode is forbidden by hardware). 
When N or F is changed, power supply voltage for LCD 
must be changed. If not changed, crosstalk will appear, or 
contrast will be poor. 


(2) Busy flag check 


(3) 


HD44780 is produced in the CMOS process, therefore 
internal executing time is long. Standard time is 40 us ~ 
1.6 ms. (This varies by instruction) 

When the high speed MPU controls it, check the busy flag 
before performing instruction or reading data. 

While internal operation is active, Enable signal is not ac- 
cepted. (Enable signal at reading status register for check- 
ing busy flag is accepted) Busy flag signal is output 
through DB,, as shown in Table 3, when RS = “0”, 
R/W = “1”, and Enable = ‘’1”. 


Input of unidentified instruction code 
Undefined instruction code of HD44780 is only as follows; 
RS R/W DB, ~ DB 
0 0 O~ 
(Others are included to defined instruction) 
When the undefined instruction code is loaded to 
HD44780, it accepts the code, but does not change the 
internal states (RAM and other status of Flags). Busy 
state, however continues for maximum 40 us by the 
acceptance of the code. 


Table 3 The relation between the operation and the combination of RS, R/W 


xz 
EXER? a.* 
pte P| 


| OPERATION 


E 
0 a | Write instruction code | - 


Read busy flag and address counter 


Write data 


ae ee 


When performing data and instruction code by 4 bit, transfer RS, R/W every time. 
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7. How to check trouble 
Follow the flowchart below to check errors. 


= Error analysis flowchart 


Error analysis flow 


Is display made? 
(Crosstalk included) 


i Proceed to G1) 


Yes 
Is the system initialized or Crosstalk is output only in 
stabilized? one line in display of 2 or 
; 4 lines for example. 
No 


(Immediately after 
POWER ON) 


Proceed to 2) 


Is character display erroneous 
(in sequence for instance)? 


No 
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SL EL EE LT NN I EO A LE SI Lf DP LS YR EEE EN RG EE OE SD I NODE, I, INT ET NER STEEN LS SNE ET TEES LO III TT AL IIT TEI E TS SG EE EE IT TERT TE TIE EE II IE SINE IAEA RIE IE SEO IE NEN ITER SIS TENN TSI SOE TIE 


7.1 No data is displayed (Crosstalk too) 


No data is displayed. (Crosstalk, too) 


Is the power supplied 
(Vpp. Vo. and Vgs)? 


No 


Are interface pins set 
correctly in order? 


Supply the power. Connect Vo to Vss, then the 


power is supplied. 
Is display (crosstalk) mode? 


Yes 
~ 
No 
ee Correct it. Since IC is possible to be 
destroyed, correct it 
immediately. 


Is display (crosstalk) mode? 


Yes 


Is the supply current flown If so, ICs and resistor are heated. 


several times of its specified 
value? 


- Yes 


Within the Is the power ON sequence OK? This does not apply to the 
specified value (Turn on the (+) first side and case of a single power supply. 
then the (-) side.) 


Does a fall or deviation OK 
exist in zebra? a 


Inverse 


Reas- 
sembly 
, Unknown cause 


After replacing LCM, check if 
the actual part is faulty. ls the current restored to normal 
conditions? 


Still abnormal 


ICs and others are possible to 
be destroyed. 
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7.2 The system cannot be initialized or it is unstable. 


The system cannot be 
initialized or it is 
unstable. 


Is the system initialized as described 
in the LCD-t! manual (of IC)? 


Still-no good 


Is the system operated while making | OK | 
a BUSY check? 
a No 


Make a BUSY check or 
make it Operate after 
waiting for 5 times of 
the BUSY time. 


Still no good 


Good 


Is the order of interface pins correct? 
(Signal system pins RS, R/W, E, and 


DB, ~,) 
a No 


Yes 


Still no good 


Is the assignment of RS and E or the 
setting of data correct? 


2. 


Correct it. 


Still no good 


Operation OK 


Try to replace it with another LCM. 


Normal 


a 


Still no good 


There is a possibility of 
malfunction in 
the LCM. 


Not caused by LCM 
Recheck the circuit and software. 
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7.3 The character display is erroneous. 


The character display is erroneous. 


When missed according to a 
certain rule (The character 


missing occurs every 4 


Characters are displayed, characters for instance.) 


but missing in some 
places. 


Proceed to 


Example: 
(Input) 


(Display) 


_ 


HITACHI. 


When missed without any 


rule (A character is missed 
HIAH! 


at random some where 
different each time.) 


Proceed to 


) 


Proceed to 


() 


It is uncertain that from where the 
1st character starts. 

_| Address character other than specified Proceed to 
are rewritten. 3-4 


Proceed to 


) 


Even when the 1st line becomes full 
ina 2-line display LCM, 

the line is not fed to the 2nd line. 
(Same ina 4-line display LCM) 


) 


When the ist line become: ll in 
a 4-line display LCM, the c:... ,acter 
writing starts from 

the 3rd line. 


Although data is not displayed even 
if input, it is found to be stored in 


<G vu 
oon “ 
ve] Oo 
Q a 
@ @ 
@ o 
a a 
- oad 
6 ° 


DORAM when 
read from DORAM. 


A front different from the listed 
in the character font table 
is displayed. 


Proceed to 


) 


There is an address in which no Proceed to 


character is displayed. 


(9 


Other errors. Proceed to 


@) 


2) 


Data is fed too fast. > Retry it while making a BUSY check. 
It is still too fast even when the BUSY check is made. > The 
function of LCD-II is no good. 


Data is fed too fast. > Retry it while making a BUSY check. 


The address Set command is not included in the initializa- 
tion. 
Although the address is so designed to be set to ‘’00” 
at the power ON according to the Power ON Reset 
+ | function of the LCD-I! itself, this Power ON Reset 
function does not work in some cases according to the 
power ON conditions. 
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When no error exists in the software, the function of LCD-II 
is no good. 


35) 


The 2-line display LCM is electrically composed of 40 charac- 
ters x 2 lines, but it displays 16 characters or 20 characters 
partly. When 16 characters are written (in the 1st line) and 
the data at the 17th character is input as it is, it is entered 
in the 17th character in the ist line and its is neither dis- 
played on the screen. It is therefore necessary to set the 


address between the 16th caracter and 17th character. 
40 


-— 
66) 


The 4-line display LCM is composed as shown in the right 
figure. Consequently, when written continuously from the 
Tst line, the data is written as A ~ B. When displayed in 4 
lines, the data is moved from the 1st line to the 3rd line. It 
is therefore necessary to set the address of [LF] in this case. 


: line feed 


a ar a es ee 2 oe 
i C 3) 
20 
3-7 


The display ON/OFF flag is turned to the OFF side. (This 
flag is by no means set unless turned to the ON side.). 

When employing the shift function together, the screen is 
shifted each time a data is written and the data can not be 


seen on the screen in some cases. It is therefore necessary 


to correct the application of the shift function. 
16 characters 


Stored in DDRAM. Cursor is moved. 


Screen is shifted to left. 
See ees eee eee ps, a Soe 2 sh at oe eae 8 


* Since this operation is carried out in a moment, what can be seen 
is the status of (1) and @) only. Although not displayed in appear- 
ance, the data is stored in the DDRAM. 


Defective CGROM font > IC is faulty. 
If no error exists in the software, the IC is faulty. 


Contact our agent for any other erroneous event. 
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7.4 Data cannot be read 


Are the connection and polarity of RS and R/W are 
made as specified in the manual? 


No 
Tiong sa 
Yes 


ae The data can now 
Is the timing deviated between the data display and be read. 
MPU read? 


Yes 


cgone™ ane 


No 


Still no good 


Still no good 


The data can now 
be read. 


Is the other peripheral equipment is in contention 
with the data bus (for a chip select problem)? 


OK 


Correct the chip select conditions. 
Still no good SS 


The data can now 


be d. 
Is the system operated while making a BUSY check? oe 


No 
a Make the BUSY check, or operate the system after 
ti waiting for 5 times of the BUSY time. 
Still not good ae 
ee The data can now 
Any other error exists in the software? be read 
K 
Yes 
ie 
No 


The data can now 
be read. 


LCD-II is faulty. 


7.5 Others 


{ 
Check the following: 
- Use conditions 
* Erroneous events 
- Contents of operation before and after the error event 
occurrence 
- Flowchart, if possible. (The program, if given, can not be decoded.) 
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8.1 


Power supply 


for liquid 
crystal ¥ sag 
display drive * Parallel/serial data conversion 
ren circuit 
° (Parallel data — serial data) 
8.2 Function of each block 


(1) 
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Block diagram and function of each block 
Block diagram of HD44780 interior 


Vec sai 
GND ————_> 
OSC ,—_—_—_—> 


OSC ,—___> = a 
SE] oo. 
~ 
S533 
3o| |2 8 
co ED 
RS esas 
R/W 
E 2 
5 
a 
DB, ~ DB, Og : ey 4s 
- 9 
DB, ~DB, 5 
n” 
o Character 


generator 


512 bits 


Busy 
1 flag 


Register 

The HD44780 has two 8-bit registers, an instruction re- 
gister (IR) and a data register (DR). 

The IR stores instruction codes such as display clear and 
cursor shift, and address information for display data 
RAM (DD RAM) and character generator RAM (CG 
RAM). The IR can be written from the MPU but not read 
by the MPU. 

The DR temporarily stores data to be written into the DD 
RAM or the CG RAM and data to be read out from DD 
RAM or CG RAM. Data written into the DR from the 


Display data 
RAM 
(DD RAM) 
80x8 bits 


Character 
generator 
ROM 
(CG RAM) 
7200 bits 


Address Timing generation 3 oe 
counter (AC) circuit yf 2 


2 
ne D 
‘- a 
O wv Cc 
o 2 4 0 COM, ~COM,, 
a2 = 
~ oO 
rl ie E 
x 2 O 
£2 
roe 
56 2 
ge 
P ] 
oO 8 _ 
- e 
5 oO 
o 7) 
oO E 
or = 
gg © 
40 a 


40-bit shift register D 


MPU is automatically written into the DD RAM or the 
CG RAM by internal operation. The DR is also used for 
data storage when reading data from the DD RAM or the 
CG RAM. When address information is written into the 
IR, data is read into the DR from the DD RAM or the CG 
RAM by internal operation. Data transfer to the MPU is 
then completed by the MPU reading DR. After the MPU 
reads the DR, data in the DD RAM or CG RAW at the 
next address is sent to the DR for the next read from the 
MPU. Register selector (RS) signals make their selection 
from these two registers. 
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Table 4 Register selection 


ext 
IR write as internal operation 
(Display clear, etc.) 
Read busy flag (DB) and 


address counter (DBy ~ DBg) 


DR write as internal operation 
(DR to DD or CG RAM) 


(2) Busy flag (BF) 
When the busy flag is ‘’1”, the HD44780 is in the internal 


operation mode, and the next instruction will not be ac- 


cepted. As Table 4 shows, the busy flag is output to DB, 
when RS = 0 and R/W = 1. The next instruction must be 


(3) 


Address counter (AC) 

The address counter (AC) assigns addresses to DD and CG 
RAMs. When an instruction for address is written in IR, 
the address information is sent from IR to AC. Selection 
of either DD or CG RAM is also determined concurrently 
by the instruction. 

After writing into (or reading from) DD or CG RAM dis- 
play data, AC is automatically incremented by +1 (or 
decremented by —1). AC contents are output DBy ~ 
DB, when RS =0 and R/W = 1, as shown in Table 4. 


Display data RAM (DD RAM) 

The display data RAM (DD RAM) stores display data re- 
presented in 8-bit character codes. Its capacity is 80 x 8 
bits, or 80 characters. The display data RAM (DD RAM) 
that is not used for display can be used as a general data 


RAM. Relations between DD RAM addresses and posi- 
tions on the liquid crystal display are shown below. 

The DD RAM address (App) is set in the Address Counter 
(AC) and is represented in hexadecimal. 


written after ensuring that the busy flag is ‘’0”’. 


(Ex.) DD RAM address “4E”’ 


E —_——. 


ver ayee ae A eae ers 


Lower order bits 


—- Hexadecimal —~*——-—- Hexadecimal ——_~ 


Higher order bits 


1-line display (N = 0) 


1 2 3 4 5 79 80 «display position 
velo fofoefe fol [LL [al] -p esa 


(a) When the display characters are less than 80, the display 
begins at the head position. For example, 8 characters 


using one HD44780 are displayed as: 
2 3 4 § 6 7 8 <+-display position 


<— DD RAM address 


When the display shift operation is performed, the DD RAM 
address moves as: 


«Tefe[™[=[=[@l™ 
«[el@[=[>[#[=[™ 


(Left shift display) 


(Right shift display) 
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(b) 16-character display using an HD44780 and an HD44100H 


is as shown below: 
15 16 «<display position 


am (fou [©] [=] [6] ]o% [ew] [Jo] ] ro mri 


\--_—— HD 44.780 display —————_—~*_ HD 44.100H : display -——_—_—__- 


When the display shift operation is performed, the DD RAM 
address moves as: 


fe] ]= [= [=] [= [e|=]= [|=] ema to 
[le[el=]*[=[=]*[] =|] |e []e] ean ann 


(c) The relation between display position and DD RAM Since the increase can be 8 digits for each additional 
address when the number of display digits is increased HD44100H, up to 80 digits can be displayed by externally 
through the use of one HD44780 and two or more connecting 9 HD44100H’s. 

HD44100H’s can be considered an extension of (b). 
123 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 73 74 75 76 77 78 79 80 «display position 


om ole <ee-ponnat 


\— 9D44780 display ~ L— HD44100H (1)__j,,_HD44100H (2) _,\__HD44100H (9) 
display ~ (8) display display 


2-line display (N = 1) 
40 «display position 


1 2 3 4 bs) 39 
Tw [= [oe [oo al 


«- DD RAM address 


1-line 
wee [eo To[e [o [oe [oem [wl 
(a) When the number of display characters is less than 40 x 2 are not consecutive. For example, when an HD44780 is 
lines, the 2 lines from the head are displayed. Note that used, 8 characters x 2 lines are displayed as: 


the first line end address and the second line start address 
1 2 3 4 5 6 7 8 

[off [«l@[=[o 

j#[afelelale|e] ea 


When display shift is performed, the DD RAM address move as: 


< display position 


1-line — DD RAM address 


2-line 


y 
e 


IEICE 
(Right shift display) 


(b) 16 character x 2 line are displayed when an HD44780 and 


ar HD44100H are usec | 
i. 2 3 4 5 6 7 8 9 10 11 #12 13 #214 «15 «216 =~ «©< display position 


1-line rar 02 | 03 05 | 06 | 07 | 08 } 09 | oa | 0B | oc | op 0E —DD RAM address 
im fe [o[a |e le 


LHD 44780 display ——_—_—__—_~ \- HD 44100H _ display —_—_—__ 
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When display shift is performed, the DD RAM address moves 


as follows: 
[eee [orf 


4B | 4C | 4D 


fol 


[oe feel 
jaw ole 


(Left shift display) 


(Right shift display) 


(c) The relation between display position and DD RAM Since the increase can be 8 digits x 2 lines for each ad- 
address when the number of display digits is increased ditional HD44100H, up to 40 digits x 2 lines can be dis- 
by using one HD44780 and two or more HD44100H’s, played by connecting 4 HD44780’s externally. 


can be considered an extension of (b). 


12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 33 34 35 36 37 38 39 40 <display position 
1-line | 00/01/02) 03) 04/05/06 0C/ODIOE 213 ee || 2220 24| 25 2627 «DD RAM address 
gat es oa ed iia alia | 
2-line | 40] 41 12/43 44/45) 46 ass tenesene | 60 6260 64 56 


“— HD44780 display — — HD44100 (1) —~ \— HD44100H (2)— “— HD44100H (4) —— 
display (3) display 


(d) Display position and DD RAM address for LMO20L. 


Character NO, | ] 


i DD RAM address 00 
kee stat ce n  ee 


(Note)Shift display is as same as that of 8 char. x 2 line type. 


(e) Display position and DB RAM address for LM041L. 


« display position 


«-DD RAM address 


(f) Display position and DD RAM address for LMO44L. 


im 2 3 4 5 6 7 8&8 9 10 dd 12 #13 «+14 «+15 «+16 «17 0«18 ©6119 )6©20.6<display position 


(Note)Shift display is as same as 2-line type. 
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(5) Character generator ROM (CG ROM) 

The character generator ROM generates 5 x 7 dot or 5 x 

510 dot character patterns from 8-bit character codes. 
It can generate 160 types of 5 x 7 dot character patterns 
and 32 types of 5 x 10 dot character patterns. Tables 5 (1) 
and 5(2) show the relation between character codes and 
character patterns in the Hitachi standard HD44780A00. 
User defined character patterns are also available by 
mask-programming ROM. For details, see ‘“‘The LCD-II 
(HD44780) Breadboard User’s Manual”. 


(6) Character generator RAM (CG RAM) 

The character generator RAM is the RAM with which the 
user can rewrite character patterns by program. With 
5 x 7 dots, 8 types of character patterns can be written 
and with 5 x 10 dots 4 types can be written. Write the 
character codes in the left columns of Tables 6(1) and 
6 (2) to display character patterns stored in CG RAM. 
Table 5 shows the relation between CG RAM addresses 
and data and display patterns. 

As Table 5 shows, an area that is not used for display can 
be used as a general data RAM. 


(7) Timing generation circuit 

The timing generation circuit generates timing signals to 
operate internal circuits such as DD RAM, CG ROM and 
CG RAM. RAM read timing needed for display and in- 
ternal operation timing by MPU access are separately gen- 
erated so they do not interfere with each other. There- 
fore, when writing data to the DD RAM, for example, 
there will be no undesirable influence, such as flickering, 
in areas other than the display area. This circuit also 
generates timing signals to operate the externally con- 
nected driver LSI HD44100H. 


AC6 AC5 AC4 AC3 AC2 ACI 


(8) Liquid crystal display driver circuit 

The liquid crystal display driver circuit consists of 16 
common signal drivers and 40 segment signal drivers. 
When character font and number of lines are selected by 
a program, the required common signal drivers auto- 
matically output drive waveforms, the other common 
signal drivers continue to output non-selection waveforms. 
The segment signal driver has essentially the same configu- 
ration as the driver LS|.HD44100H. Character pattern 
data is sent serially through a 40-bit shift register and 
latched when all needed data has arrived. The latched 
data controls the driver for generating drive waveform 
outputs. 

The serial data is sent to the HD44100H, externally con- 
nected in cascade, used for display digit number extension. 
Send of serial data always starts at the display data charac- 
ter pattern corresponding to the last address of the display 
data RAM (DD RAM). Since serial data is latched when 
the display data character pattern, corresponding to the 
starting address, enters the internal shift register, the 
HD44780 drives the head display. The rest displays, 
corresponding to latter addresses, are added with each 
additional HD44100H. 


(9) Cursor/Blink control circuit 
This is the circuit that generates the cursor or blink. The 
cursor or the blink appear in the digit residing at the 
display data RAM (DD RAM) address set in the address 
counter (AC). 


When the address counter is (08),¢, a cursor position is: 
6 


ACO 


ltt 92 3 4 5 


In a 1-line display 


17 2 3 4 3 


1-line 
In a 2-line display 


2-line 


6 7 8 9 
Ban 


the cursor position 


6 7 8 9 10 


10 11 « display position 


«< DD RAM address 


11 « display position 


<— DD RAM address 


the cursor position 


(Note)The cursor or blink appears when the address counter (AC) 
selects the character generator RAM (CG RAM). But the cursor 
and blink are meaningless. 

The cursor or blink is displayed in the meaningless position when 
AC is the CG RAM address. 
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Table 5 
CORRESPONDENCE BETWEEN CHARACTER CODES AND CHARACTER PATTERN 


(1) 5x 10 dot, epee type: H2570, H2571, H2572, LMQ27 


1 xxxxQOQUU 


xxxxV0U] 


| XxxxUO]OU 
xxxxO00] ] 


P xxKxAxO POU 


xxxxO PO] 


ow RIE FUP VSS Soe 
cow Po TP SST PEE ye 
oo EEE Riedy SDE SE 
xxx x} OU] 
on fe ELE LTE ee le) 
co oF 2 EOD EE 

ele ls ETLEEIT ee 

pow =P a eee |= 
cow le SARS EEE Fy 
ow PFT ene 5 


Note 1. CG RAM is a character generator RAM having a storage function of character pattern which enable to change freely by users program. 


Note 2. When line setting at initialization is 2 lines (N = 1), pattern becomes 5 x 7 dot. 
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(2) 5 x 7 dot, applied type: LM054, H2570, LM015, LM568AF, LMO20L, LMO70L, LM038, LM027, H2571, H2572, LM058, LM052L, 
LMO16L, LMO32L, LMO60L, LM017L, LMO18L, LM041L, LMO44L, LMO68L, LMO61L, LM104L, LM105L, 
LM107L 


xxxx0000 


xxxx0001 


eetea [oa 6 rT) a 
e es #6 2 e anecs | seues 
sone s | ese S 8 | soeee . 8 esses 
a a 8 ry e 8 e 8 
XxXXxXOTIO H °.” 4 var | a” ee. aeaso eases 


s s|e e|s6 rv eses aseee | sese ao 

e a r 8 a e es | seees 8 a | easee 

(8) r) @eece,|/@ee| 8 ale a . 8 | seeee se | a 

xxxxOL)] H s siese| Sliaaes ." H oe Pg 

aa Been 2 8 ese | #8 a _s eo 8 
ee eee 

" ss 
(1) H Seance 
xxxx1000 *. s e@ 
a e a 


xXxxxx)] U0] 


xxxx1 010 


xxxxlOdl 


(5) sss 
xxxx1100 = 8 


ww 1 Jor) SIP EPL Loe a |e 
a a ee et ee 
coe (ly LARS EET Py 
ee Al 


(8) 


xxKXX)L 111 


Note: CG ROM is a character generator RAM having a storage function of character pattern which 
enable to change freely by users program. 
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Table 6 Relation between CG RAM addresses and character code (DD RAM) and character pattern (CG RAM data). 


(1) For 5 x 7 dot character pattern 


(Note) 


1: 


| Character Codes CG RAM | Character Patterns 
(DD RAM Data) Address (CG RAM Data) 
ii ee i ea oe ae 


«Higher Lower ~ « Higher Lower <— Higher Lower — 

:0 0 0 Oe 1 0 

20 De Ht 0 0 0 [1 

‘0 1 0 cde Or Or 0" Ti: 

7 a Vaya 1 1 0 Character 
000 0x 00 0 Y.-0 0% et fae Pattern 

ly 0-0 11 0 [1 0 0} Example (1) 

LW 2 11/0 0 fl: 0 

‘1 1 0 Fr0: 0: OF. 

‘1 11 Xx ‘0 0 0 0 0| « Cursor 
he ! ‘ Position 

‘0 0 0 * K*!1;0 0 0,1 

‘0 0 1 ime per ore oa 

‘0 1 0 ee ea a ae 

0 1 1 ‘9 Or Gite 07 Character 
000 0 x 0 0 1 O20) ais ak pee Pattern 

‘1 0 0 {1 111 11 1] Example (2) 

‘1 0 1 ‘0 0 1 0 0 

ay 20-20 °0 0 11, 0 0 

ca Ie x xX!'0 0 0 0 0 

‘0 0 0 * 

‘0 0 1 


X No effect 


Character code bits 0 ~ 2 correspond to CG RAM address bits 3 ~ 5 (3 bits: 8 types). 


2: CG RAM address bits 0 ~ 2 designate character pattern line position. The 8th line is the cursor position and display is performed in 


logical OR by the cursor. 
Maintain the 8th line data, corresponding to the cursor display position, in the ‘‘O” state for cursor display. When the 8th line data is 
“1”, bit 1 lights up regardless of cursor existence. 


: Character pattern row positions correspond to CG RAM data bits 0 ~ 4, as shown in the figure (bit 4 being at the left end). Since CG 


RAM data bits 5 ~ 7 are not used for display, they can be used for the general data RAM. 


: As shown in Tables 3 and 4,CG RAM character patterns are selected when character code bits 4 ~ 7 are all ‘‘0’’. However, since charac- 


ter code bit 3 is a ineffective bit, the ‘‘R” display in the character pattern example, is selected by character code ‘‘00”’ (hexadecimal) or 
“08” (hexadecimal). 


: “1”? for CG RAM data corresponds to selection for display and ‘‘0”’ for non-selection. 
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(2) For 5x 10 dot character pattern 


(Note) 1: 
2: 


270 


Character Codes 
(DD RAM — 


7 6 5 4 0 
<— Higher Lowes —_ 


/ st Character 

oly 0 ren 

oe 4 Xampie 

0000x000 x | 041U E 

Zz a 

fa Cursor 
charlene Au coke wee tavateneslawa twas eutdeugieeeet cet aeen ad ai ~ Position 

K xX 
* x 


CG RAM Character Patterns 
Address “<5 RAM Data) 

5 eee ae | aoe 

- Higher ieee “Hi igher oe = 


oe OlKYES YS KS KS CO 
oOo OoO;Y- - Oo OC = 
=_= Oo; OF =—- OO -_ 


eaeenrvce 


X No effect 


ee 


Character code bits 1, 2 correspond to CG RAM address bits 4, 5 (2 bits: 4 types). 

CG RAM address bits 0 ~ 3 designate character pattern line position. The 11th line is the cursor position and display is performed 
in logical OR with cursor. _ 

Maintain the 11th line data corresponding to the cursor display position in the ‘‘0”’ state for cursor display. When the 11th line data is 


““1”’, bit 1 lights up regardless of cursor existence. Since the 12th ~ 16th lines are not used for display, they can be used for the general 
data RAM. 


: Character pattern row positions are the same as 5 X 7 dot character pattern positions. 
: CG RAM character patterns are selected when character code bits 4 ~ 7 are all ‘SO’. However, since character code bit 0 and 3 are 


ineffective bits, ‘‘P’’ display in the character pattern example is selected by character code ‘‘00’’, ‘01’, “08” and “09” (hexadecimal). 


: “17? for CG RAM data corresponds to selection for display and ‘‘0”’ for non-selection. 
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® CB1026R up to 320K pixel resolution 
@ CB1030R up to 2 x 320K pixel resolution 
@ CB1040R up to 2 x 640K pixel resolution 


SECTION 6 


@ HITACHI ss 


CB1020R/CB1026R/CB1030R 


mean 
e 


GENERAL 


CB1020R, CB1026R and CB1030R (mounted with control LSI HD61830 and a socket for the refresh 
memory) are control circuit boards for graphic display modules. 

They allow direct connection to the MPU’s bus line. The HD61830 controls signal generation and data 
conversion required for a liquid crystal display (LCD) module. This simplifies the graphic display system. 
These control circuit boards operate in graphic and character mode. In graphic mode, refresh memory 
contents are displayed on the LCD to.allow display of figures, graphs, and pictures. 

In character mode, the 8-bit parallel code for each character is converted to the corresponding dot pattern 
by the character generator in the control circuit boards and displayed on the LCD. The built-in character 
converts generates 192 characters including 160 JIS characters and 32 special pattern characters. An addi- 


tional character generator for character patterns required by the user can also be mounted. 
| Model Controller Refresh RAM External ROM ee 
| to be driven 
LM200, LMO021, 


CB1020R HD61830 x 1 pe Up to 2k bytes Up to 2k bytes H2525 
| CB1026R HD6 1830 x 1 pc 


CB1030R 


LM200, LM021, 


Up to 4k bytes LM212, LM211YB 


Up to 4k bytes 


Up to 4k bytes 


HD61830 x 2 pes (both master and slave) 


| Up to 4k bytes 
(both master and slave) 


LM215XB 


Note 1: The control circuit boards are shipped with the generating frequency set for driving the following LCD modules. 


If any other LCD module is to be used, refer to 7.2. 


Control circuit board LCD module | 
CB1020R | LM200 


CB1030R LM215XB 


Device to be provided separately by the user: Refresh memory RAM 


Note 2: Prepare any of the following devices according to the application. 
(1) Hitachi HM6116 (CMOS, 2k bytes static RAM) 1 pc 
(2) Hitachi HM6116 (CMOS, 2k bytes static RAM) 2 pcs 
(3) Hitachi HM6264 (CMOS, 8k bytes static RAM) l pe 


Note 3: To prevent problems after completing equipment design, an operation check with a sample is recommended in 


the design stage. 


Note 4: If control circuit boards are to be used differently from the instructions given in this manual, 
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CONTROL CIRCUIT BOARDS 


CB1020R 

CB1020R is equipped with a control LSI (HD61830 1 pc) and a socket for refresh memory (up to 2k 
bytes) CB1020R is suitable for use with graphic display modules LM200 (64 x 240 dots), LM021 (24479 
dots) and H2525 (20 x 239 dots). An additional character generator ROM (up to 2k bytes) can be mounted 


to cope with the user’s own character patterns. 


Note 1: CB1020R is shipped conditioned for driving the LM200. If any other LCD module is to be used, refer to 7.2. 


Note 2: Device to be provided separately by the user: 


Refresh memory Hitachi HM6116 (CMOS 2048 X 8 static RAM) or its equivalent: 1 pc 


LCD module 


Refresh memory 


2k bytes 
RAM 


1] 


3 O1~07 


8 
HD61830 
AO~A2 A3~A10 | 
RDO S 704 7 
S en 2k bytes 
07 
! ROM, 
| 
ee eee 4 


Character generator ROM 


SRE NRE | it De ecuminsnentiinmiint csr dempepentnien tama cramer ac oe Le 


Fig. 2.1.1 CB1020R BLOCK DIAGRAM 
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WVUOVIC LINDAID WOT) TT “Bu 


+5 


29 


20° 


12 
13 


DBL 61830 


| 


FE 


2225 222 


24 
12 


1 spi 
Bhs eas 
Boni 
4g cL 
2 CL2 
6, p2 
+5 io +5 
8. GND 
Frye 
10 


Y0C01LED/H9201E9/H0z0lLad 


CB1020R/CB1026R/CB1030R 


Unit: mm 


4-62.5 a 
ae) 


Seen 
eee ies, 
aac. on) 

oe a. + 
3 a aa) 

on 

Be = 


. 


2 py \\ we @ a 
ma dH | E : 

vw R : 

a oy KO QO 0 PAGHOOG: il 
LCM interface PAO ODO OIQ0 ODN 


: 65 eS 
terminal 


(10-1.0) 


aN 


=7 


47.0 +0.3 
53.0 +0.5 


HD61830 


ANNONA 


Ss 


17.8 +0.3 


ae 


; rs. ” bs 
: SON ate SI i ai ee, ()——4 
* . - . “ : 7 : ; - . ; € : 
~- -BOODDDGOOC 0Q0 00 OO GGO0OF atl ee 
e > 
©) Pad LET Pee SRST EN SRL FON ERE ARIS i hh See 
_ eee x 


61.0 +0.3 


MPU interface terminal (20-1 .0) 


Ww | 
: © 

ao, 2 +I 

a 

oO} 6 a 

ns 

pom] * 


Fig. 2.1.3 DIMENSIONAL OUTLINE OF CB1020R 
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Table 2.1.1 CB1020R Interface Pin Arrangement 


() LCD module interface 


Signal name (Note 1) 


i es a 
er a 
er ee 
ee ee 
a ee 
a 


Pf pes) 
a vas C3 


| () MPU interface 


—— 
ah. 
es 


(3) Interface hole diameter 


1.0 mm holes are used in the MPU and LCD modules. 


Note 1: Pin arrangement same as LM200. 


Pin arrangement is different than LM021 and H2525. 
Careful connection is necessary. 
For pin arrangement of LM200, LM021, and H2525, 


see their catalogs. 


Note 1: Although Vo and Vgg are not used in CB1020R, they 


are provided for supply to the LCD module. 
(Fig. 5.1.) - 
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2.2 CB1026R 
CB1026R is equipped with a control LSI (HD61830X1 pc) and a socket for refresh memory (up to 4k 
bytes) CB1026R is suitable for use with graphic display modules LM212 (48 x 640 dots), LM211 (64 x 480 
dots) and LM200 (64 <240 dots). An additional character generator ROM (up to 4k bytes) can be mount- 
ed to cope with the user’s own character patterns. 


Note 1: CB1026R is shipped with a generating frequency set for driving LM211. If any other LCD module is to be used, 


Note 2: 


Note 3: 


refer to 7.2. 


Prepare any of the following refresh memories according to the application: 
(1) Hitachi HM6116 (CMOS, 2k bytes static RAM) 1 pc 
(2) Hitachi HM6116 (CMOS, 2k bytes static RAM) 2 pcs 
(3) Hitachi HM6264 (CMOS, 8k bytes static RAM) l pc 
(Memory capacity of over 4k bytes cannot be controlled.) | 
A combination with other than the above refresh memories is not acceptable. Connect pins on the printed 


circuit board according to the indicated refresh memory (Table 3.1). 


Use Hitachi HN462732 as a character generator ROM. 


EE AE SS A A a AST sm 


LCD 
6 MODULE 


1 (Note 2) 
Refresh memory 


8k bytes 
RAM 


(Note 2) 


2k bytes 
RAM 


MAI] 
MA12 


O1~0O7 


O01~07 


MA15 
MDO 
MD? 8 
(Note 3) 


1 a a agar 


 AO~A3 A4~Al] 


{ 
| 

[~ 
8 ! — 4k bytes 
{ 


HD61830 


ne 
RD7 


g 
| 
| 
| 
| 
| 
| 
| 
| 
L 


Pod Character generator ROM 


be eee 


Fig. 2.2.1 CB1026R BLOCK DIAGRAM 
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IHOVLIH @ 


WVYOVIC LINDAID A920) TUT BL 


+ {>0- 


Control 
LSI 


‘a Cc 
1 CR 
ees ay —| CPU 
2 2 
+53 oe —] SYNC 
3 13 ——— 
Vo WE 
17 
VEE O—e 


This figure illustrates a 
circuit equipped with 
refresh memory HM6264 


and character generator 
HN462732. 


YOEOLG9/H9701E9/ed0ZOLaD 


CB1020R/CB1026R/CB1030R 


82.0 +0.5 Unit: mm 
77.0 +0.3 


6.0 +0.3 72.0 +0.3 
4.925 |:Q-- -~@Q50Dn0Od0 = pooeedea 
Me Ss 
Pin No. 1 OH Pfr rOS=O0 @TOlols \o1010 
AMINO. 2 TRO. Sid (HN462732) 
LCM interface terminal (10-61 .0) Eo cngnae oxereXolololoronamoroNN ® D 


rm 
oO 
— 
ond 
= mo) 8 
S 
a 3 FI 
; ™ \O 
g a TF 
le 
HQ) m 
Tilo So 
+I oh 
a o|" 
ae) +1) — 
cas 
On 
pmned 
3.8 +0.3 


55.9 +0.3 Pin No. 1 \A 
MPU interface terminal (20-¢1.0) 


1.6 +0.5 


Socket 


(11.0) 


Notes 1: Only asocket is mounted. 


Detail of A 


2: A socket is not mounted. 


Fig. 2.2.3 CB1026R DIMENSIONAL OUTLINE 
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Table 2.2.1 CB1026R Interface Pin Arrangement 
(1) LCD module interface 


Note 1: Pin arrangement same as LM211 and LM200. 
Pin arrangement is different than LM021 and H2525. 


Careful connection is necessary. 


Note 2: Veg and Vo vary depending on an LCD module to be 
CL2 


Ts | 
[8 [Ys CoN) 
; 


(2) MPU Interface 


used. See LCD module catalog. 


Note 1: Although Vo and Vg, are not used in CB1026R, 
they are provided for supply to the LCD module. 
(Fig. 5.1.) 
Veg and Vo vary depending on an LCD module to 
be used. See LCD module catalog. 


(3) Interface hole diameter 
1.0 mm holes are used in the MPU and LCD modules. 
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2.3 CB1030R 
CB1030R controls an LCD module, such as LM215 (128 X 480 dots), which divides the active area and is 
made of two CB1026R boards. 
CB1030R uses two control LSIs (HD61830). These have a master-slave relationship. 
For the block diagram and circuit diagram of the CB1030R, see the block diagram and circuit diagram of 
CB1026R. 


Note 1: 


Note 2: 


CB1030R is shipped with generating frequency set for driving LM215. If any other LCD module is to be used, 
refer to 7.2. CB1030R can also be used with LM212, LM211, LM200, LM021, and H2525. The pin arrangement 
is only the same as LM215. 


Prepare any of the following refresh memories according to the application: 
(1) Hitachi HM6116 (CMOS, 2k bytes static RAM) 1 pc 
(2) Hitachi HM6116 (CMOS, 2k bytes static RAM) 2 pcs 
(3) Hitachi HM6264 (CMOS, 8k bytes static RAM) 1 pe 
(Memory capacity of over 4k bytes cannot be controlled.) 
Master and slave can be independently composed of RAM(s). 
(Example: Master: one HM6264 chip; Slave: two HM6116 chips) 
A combination with other than the above refresh memories is not acceptable. Connect pins on the printed 


circuit board using the indicated refresh memory (Table 3.1). 
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LCM 


Master Slave 
HD6 1830 HD6 1830 


CB1030R 


Fig. 2.3.1 RELATIONSHIPS BETWEEN CB1030R AND SCREEN AREA DIVISION (EXAMPLE WITH LM215) 


1 pin (MPU interface terminal) 


Unit : mm 

2.0-61.0 125 +0.5 

4003 |, A 117 +03 
15.2 +0.3 Ez 2.94 Master-side external = 


ROM —— Siete 


aa 
“| 3 
Oz De 
\y . See 
OP ss) 
los Ge Oo = 
= \ = + 
2 x ak eS G ZF HD a 2va= 32 
ae 4 ( a OP 61830 ped ooo. =a 
ac 45 SS (Master) Ee) ma {es 2 va 
o 4 on: = 7 2X ' Peet . : O10 
2 oo [Le SP: o\ uu ad oN nl ity) SCAN } 7 - de 
aoa = el One aval ® ASM TIL RA Wy (wt (Aa (°° os oe is = oO 
© 5 > oh ‘S S ne oS Wi q os (iT 
7 & em se LO Ox Me ae ee ln ’ mae \ 
Orang 42 PNG oS SO BG Lo oN Tome 
6) os oo om 6 Ps os DN. ie Pte 
ay eae : q av ie, scene om 5 ‘4 4 eee © arc 
5 Oe =| rae oe At ae ae a is & + p GQ . tas 
ON Dy a9 tS ° aon a aS : Gx+por 
= O\\G a SO Biliiia © " om \/a 2 0 ' G AE! Of 
< - &) D7, NS 5 i é mal a TS aes 3 Ee Ok 
~ S 7 qo ‘ A on + iN } . 8 5 - {QQ <-+- D OD ea 
oO, ‘ ; “ ey . ree a) , Wy : — ). “€ Df: * 
SSO: SO Peak aksanlil a7 LO b Por te 
25 MBB A RE Se Be ith = ee ee 
SO — 
ne ra 2.54 | | \ / 59.0 I\. 43.5 
Slave side 1 pin (LCM interface terminal) V/ 
12-61.0 Master side 


Fig. 2.3.2 CB1030R DIMENSIONAL OUTLINE 
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Table 2.3.1 CB1030R Interface Pin Arrangement 


(1) LCD module interface 


Signal name —— 1) 


Note 1: Pin arrangement same as LM215XB. 
Pin arrangement is different than LM021, LM211XB, LM200 and H2525. Careful connection is necessary. 


(2) MPU interface 


Vss (GRD) 
I (+5V) 


CS1 nn ee 2) 


CS2 ns pe can 
N.C 


Note 2: CB1030R uses two HD61830 chips. CS1 and CS2 are provided for chip selection. 


CS1=0(L) — Selects master HD61830. 
CS2=0(L) Selects slave HD61830. 


Input signals other than CS1 and CS2 are connected in common to both HD61830s. 
When CB1030R is not selected, set CS1 and CS2 to level 1 (H). 
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3. EXPLANATION OF EACH PART 


3.1 HD61830 


3.2 


3.3 


This is a special control LSI for the graphic LCD module. It generates the timing signal and controls the 
data for LCD modules. 

Selection between graphic and character modes as well as LCD drive conditions must be initialized 
through the data bus (DBO to DB7). For initialization, see 8. The control LSI also has active area scroll, 
bit set, and bit clear functions. 

For details, see HD61830 catalog. 


Refresh Memory 

The refresh memory, a static RAM, stores display data. In character mode operation, the character data is 
written as 8-bit parallel code in this RAM. Display is controlled by the address (MAO to MA11) from 
HD61830. Read data is converted to the corresponding dot pattern by the character generator ROM in 
HD61830 (or an external character generator ROM) for display on the LCD. 

In graphic mode, the HD61830 dot pattern is written in this RAM for display. 

For correspondence between the RAM address and the active area, see 9. 

Reading from or writing in this RAM is carried out through HD61830. Direct MPU reading or writing is 
impossible. 


RAM Selections for Use with CB1026R and CB1030R 
The following three selections are available for combination of RAMs that can be mounted in the 
CB1026R and CB1030R. 
(1) HM6116 (2k bytes) X1 pc 
(2) HM6116 (2k bytes) <2 pcs 
(3) HM6264 (8k bytes) X 1 pe 
(Memory capacity of over 4k bytes cannot be controlled.) 
Correspondence between RAM combinations and pin connections are shown in Table 3.1 below. Each pin 
connection for each combination of the above three must be provided by connecting pins on the printed 


circuit board with jumper wires (Table 3.1). 


Table 3.1 RAM and Pin Connections 


Socket in which RAMs are mounted }—-Pinconnections = 


2k-bytes 
RAM x 1 pc. 


Mount to 
the bottom. 


2k-bytes 
RAM x 2 pc. 


Mount to 
the bottom. 


Sk-bytes 
RAM x 1 pe. 
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Character Generator ROM 

This is an external ROM (Hitachi HN462732 or its equivalent) to be mounted when the user requires spe- 
cial character patterns. It controls up to 4k bytes, or patterns for 512 characters*. For the pattern generation 
method, see Fig. 13.1 CB1020R uses Hitachi HN462716 ROM, which controls up to 2k bytes, or its 
equivalent. 

Use of both internal character generator ROM and external ROM is inhibited (ROM to be used must be 
designated at initialization). To use the external ROM, all patterns to be used must be generated. 


* The number of character patterns varies depending on Vp (vertical character pitch) and Hp (horizontal 
character pitch) specified. 


Patterns Generated by Character Generator ROM in HD61830 
Table 3.2 shows the character patterns generated by the internal ROM. 


Table 3.2 HD61830 Font Table 


Bi 001 0011 lS OLLL | FOLIO} por) | VLOO F VIOL PE dro de rtd 
ai | 
ace | 

ace oe = | ee 

eg a 

e eres ae 


| eece 
auene ce : 
: "ase" ee ce | oe 
@ toe rn 
H : » e | eas 
xxxx 0001 . ss e\eus 
6s 6 esae ouve e eee 
aes ® e/e ele ry 
cy Sees’ | Sone” | Se'"s : 
RSRaee le Sees” : *e Seve 
eo | @neee oce weue : 
ee e ® o/s 
aeves r e s ane see 
xxx xXO01] oege “ej é ara: “eee, M 
H ® i * tt i ace” ‘. a yeee TT 
@ ene ioc 
‘<n . et | ose 
xxx x0100 _—. a e Py s 0] oe 
a ee ae e 


xxxx0101 


xxxx0110 


xxx OLLI 


¥ 2 3 | wakes oa 23 
xxXX 1001 : wong | é : if: 
ase 
s s@ ecco” 
RMN TOTO SHRER amin 34° 


eee / 
*KxX&<X L211 H : 
a tate ee : 


ei code beginning with 0000 or not defined is displayed as blank. 
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4. INTERFACE EXAMPLES WITH MPUs 


286 


Figures 4.1 to 4.3 show interface examples with various MPUs. In designing an actual interface circuit, 
consider the timing chart shown in 12. 


Chip select circuit 


CB1020R 
or 
CB1026R 
or 
CB1030R 


HD46800D 


Fig. 4.1 Interface example with HD46800 


mane s 


CB1020R 
or 
CB1026R 
or 
CB1030R 


elect : 


Fig. 4.2 Interface example with 8085A 
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Fig. 4.3 Interface example with Z80 
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E CB1020R 
or 
CB1026R 


Or 
__CB1030R 
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5. LCD DRIVE VOLTAGE SUPPLY 


All power voltages are supplied to the control circuit board and are output to the LCD (Fig. 5.1). Vo and 
VEE simply pass the control circuit board. 

The method in Fig. 5.2 is recommended for supplying LCD drive voltage Vo. The method in Fig. 5.3 may 
be used because Vo and VEE are used only in the LCD module. Select either way according to the control 
circuit board mounting position and the variable resistor location. 

For recommended drive voltages, see LCD module catalog. 


Control circuit board LCD module 


(+5) 


Fig. 5.1 Power Lines 


Control circuit board LCD module 


VR: 10kQ~20kQ 


Fig. 5.2 Example of Variable Resistor Connection (1) 


Control circuit board LCD module 


VR: 10kQ~20kQ 


Fig. 5.3 Example of Variable Resistor Connection (2) 
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6. POWER SEQUENCE AND RES PIN 


6.1 Power Sequence 
CMOS LSIs are used in the control circuit board and LCD module. Always supply the power as in the se- 
quence in Figure 6.1. Each input signal must be kept at GND level until the +5 V source voltage is 
stabilized. If a signal is input before stabilization of the source voltage, latch-up may occur. 


Vpp (+5V) 
VEE (-5V) 


OQ min. 


Fig. 6.1 Power Sequence 


6.2 RES Pins 
RES pin has these functions: 
(1) Clearing each register in HD61830. 
(2) Resetting BUSY flag (enabling E signal receiving) 
Because the BUSY flag status is unstable after power on, provide the C and R reset circuit (Fig. 6.2). RES 
signal input during operation clears the registers in the control LSI causing LCD driving conditions to 
become faulty. An abnormal display will result. Although reinitialization restores normal status, RES 
signal input during operation must be avoided. If RES signal is applied during operation, execute initializa- 
tion immediately after RES signal input. RES signal pulse width must be 1 ws through 2 ms to avoid dis- 
turbance of LCD driving conditions during RES signal input. 


+5V 


To RES terminal 


Fig. 6.2 Reset Circuit 
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7. INITIALIZATION AND BUSY SIGNAL 


7.1 Initialization 
Table 7.1 shows HD61830 instructions. Table 7.2 shows mode data bit functions. 
In initialization, always designate the display mode and LCD drive conditions (instructions No. 1 through 
No. 4 in Table 7.1). 
Designation of other instructions is not necessary at initialization. 
Setting (writing in each register) in HD61830 is effected by designation of the register number after writ- 
ing the data. This setting method is similar to the CRT controller (CRTC). 
Fig. 7.1 shows an example of the initialization flowchart. 
Since the register pointer designates the same register until setting of a new register number, sequential 
register number specifications are necessary for initializing data writing. 
Table 7.3 shows an example of initializing data for LM211, LM021, and H2525. 


Caution: Instructions No. 2 through No. 4 in Table 7.1 must be executed immediately after power on and must not be 


changed during operation. Reset conditions after RES signal input must be the same as those first specified. 


Table 7.1 HD61830 Instruction List 


Register Data 


| 0 | Mode control = 0 


Number of characters per line/ 
number of bytes 

Number of vertical dots 

Es Cursor position 


Display starting address (least 
significant) (Lower) 
1 Display starting address (most 
significant) (Upper) 
Cursor address (least significant) 


1 Cursor address (most significant) 
(Upper) 
cs Refresh memory write 


1 | Refresh memory read 


} 0 Bit clear 


S 


ws) 

w 

x 
2 


DB4|DB3 


ee (NX -1)B 
ofePoTo] ena 


Address data 


po} ofo Address data 
. Address data 


! 


hme roe Z 


rr 
LoS) 


De 
fied Fea Ra 


helele ee ie) ese ea | 


—_ 
_ 


Notes |. See Table 7.2. 
2. HP: Specify 6, 7, or 8. 
3. HN < 128: If the active area is divided, specify the number of characters/number of bytes per block (an even 
number of 2-128). 
4. NX = Number of duties < 128 
5. BF = 0 (ready to receive signal E) 


BF = 1 (during internal processing) 
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Table 7.2 Mode Data 


paspmpmpagon on 


0: Internal character generator ROM of the HD61830 


| 1: External character generator ROM 
0: Character mode 


1: Graphic mode 


00: Cursor OFF 

01: Cursor ON 

10: Cursor OFF, character blink 
11: Cursor blink 


1: DB4 is the bit to specify the master chip or slave chip when multiple chips of 
HD61830 are used. 


0: Display OFF (display off without clearing the refresh memory contents) 
1: Display ON 


Clear 
register A. 


Load HD61830 


contentzinto | RIW= | 
BUSY flag check 
Store register A = 
pas ea pana RIW : : Function register select 
HD6 1830. 
Data input 
Store register B RS=0 
contents into R/W =0 


HD61830. 


YES 
<n > Note 1: Change the register number normally 


+1 at atime, but in No. 5 to No. 6 of Table 7.1, 


register numbers are not continuous. 


Register number update 


Fig. 7.1 Initialization Flowchart (Example) 
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Table 7.3 Initializing Data (Example) 


Notes: 1. Numbers same as in Table 7.1. 

2. Character mode uses 6 X 8 
dots/character and internal 
ROM. 

3. Graphic mode uses 256 dots 
per line. 


7.2 BUSY Signal 

HD61830 has an independent oscillator to generate the LCD drive timing. All HD61830 internal opera- 
tions and refresh memory read/write operations use the clock signal generated by this internal oscillator. 
This oscillator operates in perfect a synchronism with the clock on the MPU side. In processing instruc- 
tions from the MPU and data writing, data bus contents are first latched in the buffer register in HD61830 
by the enable signal (E signal) and then processed according to the internal clock signal. Generally, the 
time equivalent to two internal clock puleses (3.5 ws min) or more is necessary for one operation 
(processing), so that the processing speed does not match the MPU. To ensure processing of received in- 
structions and data, the flag to inhibit the E signal is set in HD61830 during LSI processing. 

BUSY signal duration depends on the function in Table 7.4. 


| Function 


Setting register No. 


Table 7.4 BUSY Signal Duration 


Setting data in register 2x tcL2 tcl? 


Notes: 1. tcL2 (internal clock signal cycle) 


LM215XB....... 0.87 ys (typ.) 
OMI take oie 0.87 ys (typ.) 
LM211XB....... 1.1 ys (typ.) 
LM200......... 2.2 ps (typ.) 
LM021......... 3.0 ps (typ.) 
H2525 .... 00... 3.5 ps (typ.) 


2. Hp (horizontal character pitch) 6, 7 or 8 


3. The time from the E signal falling edge ( “__) is indicated. 
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To ensure the correct HD61830 internal operation, send and receive instructions while checking the 
BUSY signal. If obliged to use the equipment without checking the BUSY signal, allow for at least three 
times the duration listed in Table 7.4 below. | 

BUSY time varies with frequency fcL2 of CB1026R, whose tcL2 is set for use in the LM211. Consult a 
Hitachi office when using the CB1026R in other than LM211. 

BUSY signal is used only in HD61830 and not directly output from LSI. Checking the HD61830 busy 
state from the MPU side uses the BUSY signal read function in the sequence shown in Fig. 7.2. Fig. 7.1 
shows a flowchart example. 

Minimum E signal cycle time of 1.0 us in 12 is the time for a BUSY check and register number setting 
(Fig. 7.2). It does not mean that HD61830 is able to process an instruction within a minimum cycle time 
of 1 us. 


[us min. lus min. 


BUSY 
(Internal) Function | Data input 
eee On completion of execution, 
the BUSY signal turns off 
(H > L) automatically by 
the internal clock. 


BUSY flag check 


Fig. 7.2 BUSY Check Sequence 
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INSTRUCTION CODE 


Mode Control (Table 7.1, No. 1) 

Specify the HD61830 operation mode. 

This instruction controls the character/graphic mode, cursor on/off/blink, master/slave, and display on/off. 
When DB1 is set to 1, and DBO, DB2 and DB3 are set to 0, HD61830 is set to the graphic mode. The char- 
acter generator and cursor function are disabled. 

When DBI is set to 0, HD61830 is set to the character mode. The character generator designation (DBO) 
and cursor control (DB2, DB3) are enabled. 

The blink cycle is determined by the internal oscillator frequency. It is generally 0.2 to 0.4 sec. 


Vertical/Horizontal Character Pitch (Table 7.1, No. 2) 

When HD61830 is used in character mode, specify the number of dots per character in the vertical and 
horizontal directions. The number of dots in the horizontal direction will be 6, 7, or 8. Since the character 
generator font consists of 5X7 or 5X11 dots, specifying 12 in the vertical direction and 8 in the horizontal 
direction would cause the character display to be justified to the left top (Fig. 8.1). 

Use hex for number specification. 

Data 0 for dots other than the character portion and cursor is generated in HD61830. 


Range of Vp and Hp: 
7<& (Vp—-1) £15 
5<(Hp—1) < 7 
(Vp —1) = ** (invalid) 
5 < (Hp—-1) <7 


; Character mode 


; Graphic mode 


3 5s So Cursor 


Fig. 8.1 display Pattern (Example) 
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Number of Characters per Line/Number of Bytes (Table 7.1, No. 3) 

Specify the number of characters per line in the horizontal direction and the number of bytes for graphic 
display. 

Calculating formulas follow. 


Character mode: 
Number of dots in horizontal direction 
HN ae 
Hp 
Use hex for specification. 
Graphic mode: 
Number of dots in horizontal direction 


8 


If the calculated HN is not an integer, raise the fractional part for specification. 


HN = 


Always specify an even number. Specifying an odd number is inhibited. 
For the module whose active area is divided into 2 blocks, specify the number of characters/number of 
bytes per block. For LM211, for example, the active area is divided as in Fig. 8.2. Specify 240+8=30 (IE 


in hex). 
240 dots 240 dots 
64 dots Block 1 64 dots Block 2 


Fig. 8.2 (1) LM211 Active Area Division 


If HN XHp exceeds the number of dots, the character at the right end of the active area is displayed 
completely. The character at the left end may be imperfectly displayed (Fig. 8.2 (2)). 


Number of Vertical Dots (Fig. 7.1, No. 4) 

Specify in hex the number of dots in the vertical direction. 

Specify the number of dots irrespective of graphic mode or character mode. 

Specifications of the number of characters per line/number of bytes and the number of vertical dots deter- 
mine the LCD drive timing. The specifications must match those of the LCD module as much as possible. 
Specifying values deviating greatly from LCD module specifications may cause display flickering or fading. 
For a module divided into two blocks in the vertical direction, specify the number of vertical dots in one 
block. For example, the LM200 is divided as shown in Fig. 8.3, and so specify 32 (1F in hex). 

If HN =36, HP=7 and number of horizontal dots =240: 


Hy x Hp = 252 
7 752 H 
PrTAD OER 
| one 
Sunt EIF a 


240 dots = 


Fig. 8.2 (2) Display Example for HN < HP Number of Dots 


Display 
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240 dots 


32 dots 


Block 1 


240 dots 


32 dots Block 2 


Fig. 8.3 LM200 Active Area Division 


Cursor Position (Table 7.1, No. 5) 

Specify the cursor lighting position. Observe VP 2.CP. 

If CP =8 is specified, the cursor is displayed on the 9th line from the top (Fig. 8.1). 
The number of cursor dots in the horizontal direction is the same as the HP value. 
Blinking also occurs in the range of VP and HP in the vertical and horizontal directions. 


Start Address (Table 7.1, No. 6 and No. 7) 

Specify the most significant 8 bits and least significant 8 bits of the display start address. Usually, specify 
(0000) 16. Changing the display start address enables display to start from an arbitrary address in the re- 
fresh memory. Scrolling is thus easy. 

In any of LM211, LM200, LM021, H2525, and LM212, the start address data is displayed at the top left of 
the active area. 

For scrolling details, see 11. 


Cursor Address (Table 7.1, No. 8 and No. 9) 

Specify an address in the refresh memory. 

Because the cursor address is automatically incremented (+1), address setting is unnecessary after setting 
the first address for continuous data writing in continuous addresses. If addresses are discontinuous, an ad- 
dress setting is required each time. | 
The cursor address includes a lower address (8 bits) and an upper address. In setting the cursor address, 
observe the following instructions: 


When both a lower address and upper Set the lower address first, and then the 
address are to be set: upper address. 


When a lower address only is to be set: After setting the lower address, set the 
upper address again. 


When an upper address only is to be set: Set the upper address. It is not necessary 
to set the lower address again. 


The cursor address counter is a 16-bit up-counter with the set and reset function. When the N’th bit 
changes from 1 to 0, the (N+1)’th bit counts up. 

If a lower address is so set that MSB (8th bit) of the lower counter changes from 1 to 0, LSB (st bit) of 
the upper counter counts up. In setting the cursor address, handle the setting of lower address and higher 
address as consecutive instructions of two bytes. 
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8.8 Writing in Refresh Memory (Table 7.1, No. 10) 
This function writes the display data. 
Usually, this function is executed in a pair with the cursor address setting in the sequence shown in Fig. 
8.4. 
In the graphic mode, the data is inverted in writing and display (Fig. 8.5). Either invert the data for each 
byte at the time of data preparation or use the inversion program (Fig. 8.6). 


(a) Continuous Address (b) Discontinuous Address 


Cursor address set 


Write-to-refresh- 
memory register 
select 


Cursor address set 


In specifying an internal ROM in the character 


mode, code patterns not defined in Table 3.2 are 
all displayed as blank. 


Write-to-refresh- 
memory register 
select 


Data input 
Data input 


Data input 


Cursor address 
register select 


Cursor address set 


Fig. 8.4 Data Writing Sequence 


8.9 Reading from Refresh Memory (Table 7.1, No. 11) 
This function reads the refresh memory contents for input to the MPU. The reading sequence is similar to 
that in Fig. 8.4. 
Data inversion in read/write into the MPU does not occur. 
The data read immediately after address setting becomes insignificant because of circuit operation. It shall 
thus be ignored. Data read the second time is normal. The cursor advances | position as the data is read 
once. 
Data being read is always the one behind the cursor. 


SErnnEny 
MSB LSB 
eo) a ee Ea HE 


RAM data Display 
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Fig. 8.5 Data Inversion in Graphic Mode 
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Clear one arbitrary CG F Register A 0 7 Ma 0 
| address (Ma) in a aa Ge ee ee 
memory. 0 
Load data into 
register A. 


Shift data in register bre: adr 2@ 70 ee. on ‘ 
A one bit to the left. a 000000 0 
ra 
c de fgih a 
ba 0000 0 0 
7a 
de ft g@ oh: 0 oe 
c baOQo0dd0 0 0 
Push flag C to Ma. we 
e f g h 0 0 UNS 
7 0 wy c ba Qo O 0 
fe h 000 0 
— e dc ba OO 0 
g h 00 0 0 oN 
e e dc ba O QO 
a> h 0.0000 0 
g f e dc ba Q 
YE e 
00000 0 0X. 


S 
Write Ma contents h gfe dceoba 
into HD61830. 


Fig. 8.6 Data Inversion 


8.10 Bit Clear and Bit Set (Table 7.1, No. 12 and No. 13) 


8.11 
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Only one bit of the data (8 bits) at the address designated by the address counter can be operated. These 
functions must be used in paired state with the cursor address set. In character mode, the character pattern 
changes. In the graphic mode, only one dot changes. If bit set and bit clear are repeated without address 
setting, the address is incremented one by one. 

Correspondence between the bit data and display is shown in Fig. 8.7. 


BUSY Signal Read (Table 7.1, No. 14) 

This function checks if HD61830 is busy. 

The BUSY signal is output to DB7 when this function is executed. Otherwise, the BUSY signal is not 
output from the LSI. DB6 through DBO contains insignificant data. 

For sure MPU instruction execution, write a program to proceed with processing while executing the 
BUSY check. 


Bitdata 01234567 


Fig. 8.7 Relationship between Bit Data and Display 
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RELATIONSHIPS BETWEEN CURSOR ADDRESS, START ADDRESS, 
REFRESH RAM, AND LCD DISPLAY 


Character mode .................000- Fig. 9.1 
Graphic mode .................0.005 Fig. 9.2 


For active area division, the addresses are electrically contiguous vertically and horizontally (Figs. 9.1 


and 9.2). 


In character mode, the most significant 4 bits of the address (MA12-MA15) is used for scanning the 


vertical pitch. External control is thus impossible. 


In graphic mode, the horizontal character pitch (HP) is limited to 8 dots and the RAM data is displayed 


as it is one the LCD. Data is inverted for each byte (8.8). 


Refresh memory Hp 
b7 b6 b5 b4 b3 b2 bl bO0 


Cursor address 


(0000) 16 
| (Division) 
0,;1,0!0,0;,0}0j1 Start address 
0,1!0!0,0!0,1 40 
(O7FF) 16 
Fig. 9.1 Character Mode 
Refresh memory Hp = 8 
Cursor address 07 66 bS5 b4 b3 b2 bl bO ees 
(0000) 16 me Pee ben 8 
(Division) 
O'1i1i1t1!'0,0!81 Start address oe as be Poe ee 
Oli1!io'ti1i#1!1,0!11 
Note data inversion. 
(O7FF) 16 


Fig. 9.2 Graphic Mode 
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10. SCROLLING 


Start address is usually set to (0000) 16. The active area can be scrolled by changing this value. 

Pay attention to these points: 

(1) In character mode, scrolling in one character unit (VP value for the number of lines) is possible. 

(2) In graphic mode, scrolling in one byte unit is possible. 

(3) The least significant address and the most significant address of the refresh RAM are apparently co 
tiguous to provide the endless form. The range of addresses displayed in the active area is the start ¢ 
dress + (HNXNX/VP). 

(In the graphic mode, VP=1. When the number of dots of the LCD module is different from 1 
number expressed by HN and NX, this is not applied.) 
Information in all RAM addresses can be displayed irrespective of the display size. 

(4) If the active area is horizontally divided into 2 blocks in a module like LM211, changing the start 
address causes the data in the top line of the right block to be shifted to the bottom line of the 
block. (Fig.10.1.) 

Note this point in scrolling. 


Before start address change 


ABC 


DEFG 


After start address change 
Fig. 10.1 Scrolling for Horizontal Division (Example) 


(S) For horizontal scrolling in the graphic mode, HN must be specified as 2N (N = an integer of 1, 
If other than 2N, the display at scrolling time will become unclear. 

(6) Display shifting in scrolling 
When the start address is changed by one address, the whole display is shifted by one character 
byte (8 bits) to the left. Left end data is displayed at the right end of the preceding line. 
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Fig. 10.2 Display Shifting in Scrolling 
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11. ELECTRICAL CHARACTERISTICS 


11.1 Maximum Ratings 


Notes: (1) Veg is not used in the control circuit board. 
Ver varies depending on models of the LCD module. For details, see the individual catalog of the LCD 
module to be used. 


(2) Vo range must be Vpp 2 Vo 2 Ver 


11.2 Electrical Characteristics 


< 
~) 
0 
i 


5V +5%, GND = OV, Ta.= 0°C to 50°C) 


Terminal 


DBO~7, CS, E, R/W, 
RS, RES (Note 3) 


- 
<< 
= 

= 

A> 

~ 


Input voltage 
(TTL compatible) 


i) 
NO 


min. 
0 


Output voltage ‘ lon = -0.6mA Vpp- 


(TTL compatible) 


Vin 
VIL 

OH DBO~7 
VoL 


Io, = +1.6mA 


oS 
lg 


VoHC Vpp-0.4 M, FLM, CLI, CL2, 


I load = +0.6mA 


Output voltage 


D1, D2 


VoLc 


Py | Vpp = 5V,Ta= 25°C 


Notes: (1) Internal frequency 
(2) Refresh RAM current consumption is excluded. 60 mW max. for CB1030R. 
(3) RES: Vin == 3.0 V, Vit = (0.8 V 


ap 


Note (1) 
Note (2) 


<— 
fats © 
N ct 


W 
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12. TIMING CHARACTERISTICS 


12.1 Interface Timing (MPU +—~Control circuit board) 


CS, RW, RS 


DBo~7 
(MPU—HD 61830) 


DBo~7 
(MPU<-HD 61830) 


tore 


HITACHI 


i ft 


303 


SECTION 6 


CB1020R/CB1026R/CB1030R 


12.2 Interface Timing (Control Circuit Board —-~LCD Module) 


Data setup time 


Note (1) When output is no load. 


tweet, 
Li Vcc 
CL] 9 
toot: tweL2 
CL2 
TWCL 
MA, MB 
tor 


| 


too 


| 
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12.3 Refresh RAM Access/External ROM Access Timing 
The time is not directly output from the control circuit board and is described for reference. 


| 
SYNG 3 Vee 


tosy twsy tccro 


CPO 


M Ao~i5 


MDo-7 i 


RDo~7 


i 
i 
| | | | ar 


| 


_ J apex 
lie 
ie; cy 


TOwe 


Item 


SYNC delay time 
SYNC pulse width L level 


MAO—15 refresh time 
Write MAO—15 address delay time 


WE delay time 


SECTION 6 


Notes: (1) When output is no load. 
(2) xis delay time of external ROM and refresh RAM. 
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13. EXTERNAL ROM PATTERN GENERATION 


14. 


306 


Fig. 13.1 shows the correspondence between the ROM address and data. 

Write the 8-bit data corresponding to dot on/off for each address. 

A0-A3 show the scanning address. To display the pattern of the external ROM, write the codes of the 
most significant 4 bits and least significant 4 bits (8 bits in total) (A3-A10) in the refresh RAM. A corre- 
sponding character pattern is then displayed on the LCD. The display range depends on the HP value. 


Hp = 6: Data at 06 and 07 is not displayed. 
Hp = 7: Data at 07 is not displayed. 
HP = 8: All data at 01 through 07 is displayed. 


In CB1020R, address wiring is done for HN462716 (2k bytes EPROM). Maximum dots per character is 


8 X 8. In CB1026 and CB1030R, address wiring is done for HN462732 (4k bytes EPROM). 
The maximum number of dots per character is 8 X 8. 


APPLICABLE CONNECTOR 


Any connector whose pitch is 2.54mm and pin diameter is less than 0.9-0.8mm can be used. 
The following connectors manufactured by Japan Aviation Electronics Industry, Ltd. are available. 


PS-20PE-S4T1-PN1 (20 pins) for MPU interface 
PS-10PE-S4T1-PN1 (10 pins) for LCD interface ........... For CB1020R and CB1026R 
PS-12PE-S4T1-PN1 (12 pins) for LCD interface ......... For CB1030R 
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Fig. 13.1 External ROM Pattern Generation 
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ie, General 


The CB1040R (mounted with control LSI and a socket for 
the refresh memory) is a control circuit board for graphic 
display modules LM225 (200 x 640 dots)’s exclusive. 

The CB1040R allows direct connection to the MPU bus 
line. The New LCTC* controls timing signal generation 
and data conversion required for a liquid crystal display 
(LCD) module, resulting in simplification of the graphic 
display system configuration. The CB1040R operates in 
the graphic and character modes. In the graphic mode, the 
contents of the refresh memory are displayed as is on the 
LCD to allow display of figures, graphs, and pictures. 

In the character mode, the 8-bit parallel code for each char- 
acter is converted to the corresponding dot pattern by the 
character generator in the CB1040R and displayed on the 
LCD. The built-in character generator converts 192 char- 
acters consisting of 160 JIS characters and 32 special pattern 
characters. An additional character general for character 
patterns required by the customer may also be mounted. 
As a new function, a C/G signal (input) capability is added 
for controlling the refresh address from an external device 
when the character mode is switched over to the graphic 
mode and vice versa. 


i 


Fig. 2.1 shows a block diagram of the CB1040R. 


Oscillator 


CB1040R Block Diagram 


Control IC 
BW (Master) 
tS cre 
an, ip 
CS1 Select 
= a= 


DBO 
DB7 
Control IC 
£ (Slave) 
C/G u 


The refresh memory, which uses static RAM, offers RAM 
selection of either 8 kbytes or 2 kbytes. Also, an external 
ROM may be used as a character generator, but the ROM 
similarly offers two selections, 4 kbytes and 8 kbytes. For 
further details, refer to “4.3 RAM Selections and 4.4 Char- 
acter Generator ROM”. 


Note 1. The CB1040R has the oscillation frequency (fc, 2) 
set to LM225. So, it cannot be used except for 
a module which drives at the same frequency as 
that of LM225. 

The CB1040R does not have RAM and ROM 
mounted in when shipped. The customer is re- 
quested to prepare applicable RAM and ROM 
by referring to the information given in item 2. 
Please mount the RAM or ROM on the board after 
loosening the fixed screw. 

There is a possibility for PCB and some ports to be 
destroy by some strength. 

The CB1040R is developed as a PCB for design 
and review of a display system using LM225. 
When using this product in large quantities, con- 
sult us for required specifications. 


* New LCTC: High Speed Liquid Crystal Timing Controller 


Note 2. 


Note 3. 


Refresh RAM 
Maximum 8Kbyte 


fan ee 1 External 
‘Character 
| Generator — ae 
ees Seetaeu 4 
M 
CL 1 
CL2 
D1 
D2 
Refresh RAM a 


Maximum 


re oe 7, External 

I 1 Character 
, Generator 
41ROM 


Fig. 2.1 CB1040R Block Diagram 
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Pe CB1040R Schematic Diagram 
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Fig. 3.1 CB1040R Circuit 
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Explanation of Each Part 


4.1 Control LSI (New LCTC) 

This is a special control LSI for the graphic LCD display 
module. It generates the timing signal and controls the data 
for LCD display modules... Selection between the graphic 
and character modes as well as LCD drive conditions shall 
be initialized through the data bus (DBO to DB7). 

The control LSI also has active area scroll, bit set, and bit 
clear functions. | 


4.2 Refresh Memory 

The refresh memory, a static RAM, stores display data. In 
the character mode operation, the character data is written 
as 8-bit parallel code in this RAM. Display is controlled 
by the address (MAO to MA12) from the control LSI. The 
read data is converted to the corresponding dot pattern by 
the character generator ROM in the control LSI (or the ex- 
ternal character generator ROM) for display on the LCD. 

In the graphic mode operation, the dot pattern from the 
control LSI is written in this RAM for display. (See paragraph 
10 for the correspondence between the RAM address and 
the active area.) 

Reading from or writing in this RAM is carried out through 
the control LS! Direct reading or writing from the MPU is 
impossible. | 


4.3 RAM Selections | 

The Hitachi HM6116 (2kbyte-SRAM) or HM6264 (8kbyte- 
SRAM) are available for combination of RAM’s that can 
be mounted in the CB1040R. 

The correspondence between RAM combinations and pin 
connections are shown in Table 4.1 below. Each pin connec- 
tion for each combination of the above three should be pro- 
vided by connecting pins on the printed-circuit board with 
jumper wires as shown in Table 4.1. 


Caution 

Use the RAM with the access time of less than 200 ns and the ROM 
with the access time of less than 250 ns. If the access time is other than 
as indicated above, timing with the control LSI may not be attained, 
resulting in erratic operation (error display). 


Table 4.1 RAM Pin Connections 


4.4 Character Generator ROM 

This is the ROM (Hitachi HN482732AG: 4 kbyte EP-ROM, 
HN482764AG: 8 kbyte EP-ROM or the equivalent) to be 
mounted when the user requires special character patterns. 
It controls up to 4 kbytes, or patterns for 512 characters. 
(See paragraph 15 for the pattern generation method.) 

Use of both internal character generator ROM and external 
ROM is inhibited. (The ROM to be used shall be designated 
at the time of initialization.) 

To use the external ROM, all using patterns shall be generated. 
The ROM is required for both the master and the slave. (Two 
are required.) 

To mount these ROM, proceed as shown below. 


agi for RAM 


In case of using 8 kbyte ROM 


[ socket for RAM 


Mount to the bottom 
In case of using 4 kbyte ROM 


Fig. 4.1 Connections of External ROM 


4.5 Patterns Generated Character Generator ROM in control 
LS! 

Table 4.2 shows the character patterns generated by the 

internal ROM. 


Socket in which RAMs are mounted 
(Master & Slave are common mounting.) 


Graphic 


Character HM6264 (8 kbyte) x 1 pc. 


Graphic 


Character HM6116 (2 kbyte) x 4 pcs. 


2000 
JZOV 


Mount to the bottom. 


HM6264 (8 kbyte).x 1 pc. 


Character 


Character | HM6116 (2 kbyte) x 2 pcs. 


Same with No. | 


Same with No. Il 
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Table 4.2 Control LSI Font Table 


xxxx0000 


xxxx0001 


xxxx0010 


sagen s 
a a a 
aneae a a 
a saan 8 es 
J a a 
S & J s a 
aan Sanna ana sas 


xxxx010] 


SESE a8 
s 
as 
ae 
a6 
ae 

| oe. 
2 
s 
a 
seueu 
or 
a 6 
ee a 
s 


ona Sunes 
menas 
xxxxKO110 seass | osnes 
Be i] 
a 
sn 
XXxxO111 Wire "suns 
i] 
xxxx1]000 . 
xxxx1]001 


xxxx1010 

xxxxl011 

xxXxx1100 

a eas Ta 
cone ly La PE 


XXxXX]L 111 


Every code beginning with 0000 or not defined is displayed as a blank. 
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5.1 Dimensional Outline 


5.2 Interface Pin Arrangement 
(1) LCD display module interface 


LCM Interface 


ee 
re ee 


1 
oe a ee 
a NS a 
ed 
Ce |e 
i eee SE, 


CL1 
CL2 
D3 
Vpp 


Note: 


CB1040R 


Dimensional Outline and Interface Pin Arrangement 


Unit: mm 
140.0%9°5 
132.0*°' 4.98 
ee 
0 : Zz cA 
o ea oy 
r Zz cA 
oo Si) 9 32. ee S83 
: A eB 


i, 
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O : a S 
= 0 mw ro) 
O le an | ° ° = 
jae 
f— | |) 
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Z| Si} oe ee 
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SS ea dh 


4-$3.5 


>< 
Co 
PCB 5 x 
SS SS SS etl 
NAN 
Fig. 5.1 Dimensional Outline of CB1040R 


(2) MPU interface 


[Fin No. | Signal Name | 
re 


bee a 
15 | 
16 
8 
cae 


Note: 


Although Vo and Veg are not used in the CB1040R, they are provided 
for supply to the LCD module. (See Fig. 8.1.) 

The CB1040R is the same as the conventional control board hitherto 
available, except that the C/G signal function is added to it. For 
detailed information about the C/G signal function, refer to ‘‘6. C/G 
Signal’. 


(1) The pin arrangement is the same as that of the LM225. 


312 


(3) Interface hole diameter 
Through holes of 1.0 mm are adopted in both the MPU and LCD 
module. 
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C/G Signal 
The C/G signal is an input signal for switching the connection commands to switch the mode while synchronizing the C/G 
of address to the refresh memory in selection of the character signal with the E signal. 
mode and the graphic mode. At that time, the C/G signal should be switched while the E 
In the graphic mode, it is set to H level, while in the character signal that sends out a mode control command is H level. 


mode, it is set to L level. 

The C/G signal is needed for the following reason: 

The control LSI is provided with 16 address lines, MAO to 
MA15 as address for the refresh memory, but the address 
effective for RAM varies as given in Table 6.1, depending upon 
the operation mode. 


Table 6.1 


Operation . Required Address Range for 
"Mode Valid Address One Block 
8 kbyte/control LSI 
SrAapG ATO Nee (MAO to MA12 ... when HP = 8). 
1 kbyte/control LSI 
Character | MAO toMA11 | (Mao to MAQ ... when HP = 6, VP = 8) 


In the character mode, MA12 to MA15 (higher-order 4 bits) 
are used as raster address so that MA12 to MA15 cannot be 
kept connected directly to the RAM. 

To make possible a switchover between the character mode 
and the graphic mode in the CB1040R, it is necessary to 
connect at least MA12 to the RAM in the graphic mode, 
and to disconnect it from the RAM in the character mode. 
Because the control LSI does not have this switchover func- 
tion, the switchover signal is input from outside to electrically | 
connect to, and disconnect from RAM of MA12. This signal A : Turn OFF the mode control command display. 

is the C/G signal. ee eae 
Signals (RS, R/W, DBO to DB7, CS1, CS2) other than the : Turn ON the mode control command display. 
C/G signal are all fetched into the control board in synchro- 

nization with the E signal, but the C/G signal is directly fed to 

the address control circuit. So, address control is made 

without anything to do with the E signal. When the C/G 

signal is input, the address sequence of the RAM changes, and 

the display is rendered insignificant (nonsense). To preclude 

the possibility of such display, use the display ON/OFF 


DB 


C’G 


Mode switching point 
C/G signal switching period 


Fig. 6.1 Mode Switching Point C/G Signal Switching Period 


0 


Example of Interfaces with MPUs 


Fig. 7.1 shows example of interfaces with various MPUs. In 
designing an actual interface circuit, consider the timing chart 
shown in paragraph 15. 


| 4 m 
nm WN 

RO 
SECTION 6 


C 
R/W 
RS 

C 
D 


w—-WG) 


0 
~N 


Fig. 7.1 Example of Interface with HD46800 Note: Concerning interfaces with another MPUs, we will inform in 
aed future. 
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- 
8 | LCD Drive Voltage Supply | 


All power voltages are supplied to the CB1040R and are 
output to the LCD module as shown in Fig. 8.1. Vo and 
Vee simply pass the CB1040R. 

The method shown in Fig. 8.2 is recommended for supplying CB1040R LCD Module 
LCD drive voltage Vo, but the method shown in Fig. 8.3 
may be used because Vo and Veg are used only in the LCD 
module. Select either way according to the CB1040R 
mounting position and the variable resistor location. 

The LCD is driven by the potential difference between Vpp © 
and Vo (Vpp — Vg). (See the Catalog for recommended 
drive voltage values for the LM225.) 


Fig. 8.1 Power Lines 


CB1040R LCD Module 


- 10k2~ 20k2 


ig. 8.2 Example of Variable Resistor Connection (1) 


CB1040R LCD Module 


Ve: 10k2Q~ 20kQ 


Fig. 8.3 Example of Variable Resistor Connection (2) 


9.1 Power Sequence 

CMOS LSls are used in the CB1040R and LCD display module. 
Always supply the power as in the sequence shown in Fig. 9.1. 
Each input signal shall be kept at the GND level until the +5V Voo(+ 5) 
source voltage is stabilized. If a signal is input before stabiliza- 
tion of the source voltage, latch up may occur. 


Fig. 9.1 Power Sequence 
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9.2 RES Pin 

The RES pin has two following functions: 

(1) Clearing each register in New LCTC. 

(2) Resetting BUSY flag (enabling E signal receiving) 
Since the BUSY flag status is unstable after power on, 
provide the C and R reset circuit. Input of the RES signal 
clears the registers in control LSI to make the LCD driving 
condition faulty to disable normal display. Although 
reinitialization restores normal status, input of the RES 
signal during operation should be prevented. 
If application of the RES signal is obliged during opera- 
tion, execute initial setting immediately after the RES 
signal is input. The pulse width of the RES signal should 
be 1 us through 2 ms to avoid disturbance of LCD driving 
conditions during input of the RES signal. 


10.1 Initialization 

Tables 10.1 and 10.2 show the control LSI instructions and 

mode data bit functions respectively. 

For initialization, it is necessary to proceed as below: 

(1) Specify the master/slave for control LSI 

(2) Set the liquid crystal module drive condition. 

(3) Set the initial values of display start address and cursor 
address. 

Key in No. 1 (mode control) to No. 9 (cursor address lower) 

in the sequence (one example) indicated and then initialize. 

Write all mode control data DB2 to DB4, excepting the master 

slave designation and cursor designation, on the master side 

and the slave side. | 

When initialization is made, relations between the block and 

the RAM address are as shown in Fig. 10-2, and in the 

character mode, the cursor is shown below the character at 

the upper left corner. (But when the refresh memory has not 

been cleared, random characters appear on the screen.) 


Initialization and Busy Signal 


Table 10.1 Control LSI Instruction List 


Oo 
wo 
) 


Mode control 


bytes 


0 
a foe es) 
—— 


Number of vertical dots 
Cursor position 


Display starting address 


O 
= Oo 
N 


Display starting address 
Cursor address 
Cursor address 


Refresh memory write 


md 


Refresh memory read 
Bit clear 

Bit set 

— | BUSY signal read 


om 


— | orf om} oo | — 
Bi wl nh]; © ~w >) ol; sp 1c) NO} — 


. See Table 10.2. 
. HP: Specify 6, 7, or 8. 
. HN $128: If the active area is divided, specify the number of cha 


Notes: 


Function 


Vertical/horizontal character pitch 


0 
2) 


BY 
— —_— ~— 
= 


Number of characters per line/number of 


(least significant) (Lower) 
(most significant) (Upper) 
(least significant) (Lower) 


(most significant) (Upper) 


to “RES''terminal 


Fig. 9.2 Reset Circuit 


Designation of other instructions may be omitted at initializa- 


tion. Setting (writing in each register) in the control LSI is 
effected by designation of the register number succeeded by 
writing data. 

The setting method is similar to that of the CRT controller 
(CRTC). 

Fig. 10.1 shows an example of the initialization flow-chart. 
Since the register pointer designates the same register until 
setting of a new register number, sequential register number 
specifications are necessary for initializing data writing. 

An operation example from power on to display on the LCD 
(LM225 in this example) is shown in Fig. 16.1. 


Caution: 

Instructions No. 2 through No. 4 in Table 10.1 shall be executed 
immediately after power on and should not be changed during opera- 
tion. 

The conditions in resetting after the RES signal is input should also 
be the same as those specified first. 


Mode data (Note 1) 


| O10 [ifeef (CP 


Address data 
ree [e [a] sa 
Note6§ 

Address data 


Character code/bit data 
Refresh memory data 


Y” 


racters/number of bytes per block. (Even number of 2 ~ 128) 


. BF =0 (E signal being received) BF = 1 (during internal processing). 


1 
2 
3 
4. NX = Number of duties S 128. 
5 
6 


. Character mode: “0”. 
Graphic mode: Address data. 
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START 


A--00 


Note 1: A,B; MPU Internal Register 


B<Control LSI 
states read] RS=1 
/W=1IBUSY Flag 
Check 


< 
© 
77) 


= 
° 


Control |RS=1_ |Function Register 
LSA |R/W=0 |Select 


B<-DATA 


fa 


Note 2: Change the register number normally +1 
at a time, but in No. 5 to No. 6 of Table 
Control |RS=O |Data Input 


LSI—B |R/W=0 ae register numbers are not continu- 


Yes 


Regisetr (A) 
+1orN 


Fig. 10.1 Initialization Flowchart (Example) 


Table 10.2 Mode Data 


0: Control LSI internal character generator ROM 
1: External character generator ROM 


: Character mode 
1: Graphic mode 


00: Cursor OFF 

01: Cursor ON 

10: Cursor OFF Character blink 
11: Cursor blink 


1:  DB4 is the bit to specify the master chip or slave chip when multiple 
Control LSI are used. Always set to 1 in the CB1040R 


: Display OFF (display off without clearing the contents of the refresh memory) 
1: Display ON 


000 001 320 000 001 320 


RAM(Master) RAM (Slave) 


(Some random characters are indicated.) LCD Display 


Fig. 10.2 Relationship between the display and RAM address. 
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10.2 Busy Signal 

The control LSI has an independent oscillator to generate the 
LCD drive timing. All control LSI internal operations and 
refresh memory read/write operations use the clock signal 
generated by this internal oscillator. This oscillator operates 
in perfect a synchronism with the clock on the MPU side. 
In processing instructions from the MPU and data writing, 
the contents of the data bus are first latched in the buffer 
register in the control LSI by the enable signal (E signal), 
then processed according to the internal clock signal starts. 
Generally, the time equivalent to two internal clock pulses 
Or more is necessary for one operation (processing) so that 
the processing speed does not match that of the MPU. 

To ensure processing of received instructions and data, the 
flag to inhibit the E signal is set in the control LSI during 
processing in the LSI. 

This flag is called the Busy Signal. 

The duration of the Busy Signal depends on the function as 
shown in Table 10.3. 


Table 10.3 Busy Signal Duration 


Busy 
Function Generation/ M 
nongeneration seals 


Bit write/cler | Generation [2 (Hp + tkevall@ + Holkcuz 


Notes: 1. tcL2 (Internal clock signal cycle) LM225 .. . 450 ns (typ.) 
2. Hp (Horizontal character pitch) 6, 7 or 8. 
3. The time from the E signal falling edge (~\_) is shown. 


To ensure the correct internal operation of the Control LSI, 
send and receive instructions while checking the Busy Signal. 
If it is obliged to use machine without checking the Busy 
Signal, be sure to allow for at least three times the duration 
listed in Table 8.4 below. 

The Busy Signal is used only in the LSI and not directly 
output from the control LSI. Checking the busy state of the 
control LSI from the MPU side uses the Busy Signal read 
function in the sequence shown in Fig. 10.3. 

Fig. 10.1 shows an example flowchart. 

The minimum E signal cycle time of 1.0 us in paragraph 14 
is the time for Busy check and register number setting as 
shown in Fig. 10.3. It does not mean that the control LSI is 
able to process an instruction within a minimum cycle time of 
1 US. 


Tus min. | Tes min. 


i 
fj 


Busy 
(inernal) 
Busy flag check. 
function data After the execution Is 
register | input. finished, Busy signal is 
set. turned off(H—L) 
by the internal clock 
automatically. 


Fig. 10.3 Busy Check Sequence 


1 Explanation of Instruction Code 


11.1 Mode Control (Table 10.1, No. 1) 

Specify the operation mode of the control LSI. 

This instruction controls the character/graphic mode, cursor 
on/off/blink and master/slave, display on/off. 

When DB1 is set to 1, and DBO, DB2 and DB3 are set to O, 
the control LSI is set in the graphic mode. In this case, the 
function of character generator and cursor are ignored. 

When DB1 is set to 0, the control LSI is set in the character 
mode, and the character generator designation (DBO) and 
cursor control (DB2, DB3) are validated. 

The blink cycle is determined by the internal oscillator 
frequency. It is generally (0.2) to (0.4) sec. 


11.2 Vertical/Horizontal Character Pitch (Table 10.1, No. 2) 
Specify the number of dots per character in the vertical and 
horizontal directions. The number of dots in the horizontal 
direction shall be specified as 6, 7, or 8. Since the font of 
the character generator consists of 5 x 7 or 5 x 11 dots, 
specifying 12 in the vertical direction and 8 in the horizontal 
direction causes character display justified to the left top as 
shown in Fig. 11.1. in the graphic mode, Vp data is ignored 
but Hp — 1 = 7 shall be specified. 

Use hexadecimal notation for number specification. 

The data O for dots other than the character portion and 
cursor is generated in the control LSI. 


Limit of Vp and Hp 


7S (Vp —1) S$ 15 
5 S (Hp —1) $7 } character Mode 


(Vp — 1) = ** (Not effect) 
(Hp — 1) =7 Graphic Mode 


€ HITACHI 


Cy | | | 


Fig. 11.1 Display Pattern (Example) 
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11.3. Number of Characters per Line/Number of Bytes 
(Fig. 10.1, No. 3) 
Specify the number of characters per line in the horizontal 
direction and the number of bytes for graphic display. 
The calculating formulas are as follows: 
Character mode 


Number of dots in horizontal direction 
Hy = 
Hp 
Graphic mode 

Number of dots in horizontal direction 

8 


Use hexadecimal notation for specification. 


Hy = 


If the calculated Hy is not an integer, count the decimal 
fraction as 1 or 2 for specification. Always specify an even 
number. Specifying an odd number is inhibited. 

For the module whose active area is divided into 2 blocks, 
specify the number of characters/number of bytes per block. 
For the LM225 for example, the active area is divided as 
shown in Fig. 11.2, so specify 320 + 8 = 40 (27 in hexadeci- 
mal notation.) 


320 dots 


320 dots 
100 
Note 
D1, D2: Master Side (Left) 
D3, D4: Slave Side (Right) 
100 D2 
dots D4 


Fig. 11.2 (1) LM225 Active Area Division 


If Hy) X Hp exceeds the number of dots, the character at the 
right end of the active area is displayed fully, but the character 
at the left end may be displayed in imperfect state. See Fig. 
11.2 (2). 


11.4 Number of Vertical Dots (Fig. 10.1, No. 4) 

Specify the number dots in the vertical direction in hexadeci- 
mal notation. 

Specify the number of dots irrespective of the graphic mode or 
character mode. 

Specifications of the number of characters per line/number of 
bytes and the number of vertical dots determine the LCD drive 
timing. The specifications should match those of the LCD 
module as far as possible. Specifying values extremely dif- 
ferent from LCD module specifications may cause display 
flickering or fading. 

For a module divided into two blocks in the vertical direction, 
specify the number of vertical dots in one block. For ex- 
ample, the LM225 is divided as shown in Fig. 11.2, so specify 
100 (63 hexadecimal notation). 

If Hy) = 50, Hp = 7 and number of horizontal dots = 320; 


Hn X Hp = 50 x 7 = 350 dots > 320 dots 


Hn xX Hp=350 
(Fe 


Fig. 11.2 (2) Display Example for Hy x Hp > Number for Dots 


11.5 Cursor Position (Table 10.1, No. 5) 

Specify the cursor lighting position. Observe Vp 2 Cp. 

If Cp = 8 is specified, the cursor is displayed on the 9th line 
from the top. The number of cursor dots in the horizontal 
direction is the same as the value of Hp. Blinking also occurs 
in the range of Vp and Hp in the vertical and horizontal 
directions. 


11.6 Start Address (Table 10.1, Nos. 6 and 7) 

Specify the most significant 8 bits and least significant 8 bits 
of the display start address. Generally, specify (0000) 4. 
Changing the display start address enables display starting 
from an arbitrary address in the refresh memory so that 
scrolling can be executed easily. The start address data is 
displayed at the top left position of the active area. See 
Section 11 for details of the scrolling operation. 


11.7 Cursor Address (Table 10.1, Nos. 8 and 9) 

Specify an address in the refresh memory. Since the cursor 

address is automatically incremented (+1), address setting is 

unnecessary after setting the first.address in case of continuous 
data writing in contiguous addresses. If addresses are dis- 
contiguous, address setting is required each time. 

Contents: The cursor address is divided into lower address 
(8 bits) and the upper address, but setting should 
be made in close observance of the following restric- 
tive information. 


When it is desired to rewrite 
(set) both lower address and 
upper address. 


First set lower address 
and then upper address. 


After setting the lower 
2|When it is desired to rewrite| address, be sure to set 
the upper address once 
again. 


lower address only. 


Set upper address. Set- 

3|}When it is desired to rewrite| ting the lower address 

upper address only. Once again is not re- 
quired. 


The cursor address counter is a 16 bit up counter with set and 
reset functions. When Nth bit is changed from ‘1’ to “0”, 
N+ 1 bit therefrom counts up. 

So, when the lower address is set, when setting is made so 
that the lower MSB (8th bit) is changed from ‘1”' to “0”, 
LSB (1st bit) of the upper counter counts up. Therefore, 
the cursor address setting should be made with the lower and 
upper settings as 2 byte continuous instructions. 


11.8 Writing in Refresh Memory (Table 10.1, No. 10) 

The function to write the display data. | 
Generally executed in a pair with the cursor address setting in 
the sequence shown in Fig. 11.3. 

In the graphic mode, the data is inverted in writing and display 
as shown in Fig. 11.4. 

Either invert the data for each byte at the time of data prepa- 
ration or use the inversion program as shown in Fig. 11.5. 
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(a) Continuous Address 


Write to Refresh | 
———» Memory Register ——— Data Input ———— Data Input 
Select 


Cursor Address ; Cursor Address 
Register Select Set 


(b) Discontinuous Address 


Write to Refresh 
———» Memory Register ———-»» Data Input ————»> 
Select 


Cursor Address Cursor Address 
Register Select Set 


Cursor Address Cursor Address 
Register Select 


a 


wom i 


Set 


Fig. 11.3 Data Writing Sequence 


Fig. 11.4 (1) Data Inversion in Graphic Mode 


C7 Register A 0 7 Ma 0 
a — 


abcde fgih 


aijbcdefgh O 


oO 


Register A \ 
Left Shift a 000000 0 
7 0 Bole dese: a He oa 
| AKO “pb adooa0d0o 
Cla &  & F-69046 * 
“ec ba O0000 
dle fghoo0o0o0*% 
Push C Flag “dc baO000 
Right Shift : fghoo0o0o0o0% 
oer sare: 16t. Be Wore a0 
flo hO0000 0% 
Pie fe: Gf ae) i.e 300 
sl h 0:0°0 OO O 0” 
Sa fede ba 0 
hj0000000 0 
hg f e dcoba 


Note: A: MPU Internal Register 
Ma: MPU Memory Address 
C: Carry Flag 


Fig. 11.5 Data Inversion 
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11.9 Reading from Refresh Memory (Table 10.1, No. 11) 

The function to read the refresh memory contents for input 
to the MPU. The reading sequence is similar to that shown 
in Fig. 11.3. 

The data inversion is read/write operation from and to the 
MPU does not occur. 

The data read immediately after address setting becomes 
insignificant because of circuit operation, so it shall be ig- 
nored. The data read the second time is normal. The cursor 
advances 1 position as the data is read once. It must be noted 
that the data being read is always the one behind the cursor. 


11.10 Bit Clear and Bit Set (Table 10.1, Nos. 12 and 13) 
Only one bit of the data (8 bits) at the address designated 
by the address counter can be operated. These functions 
shall be used in paired state with the cursor address set. In 
the character mode, the character pattern changes. In the 
graphic mode, only one dot changes. If bit set and bit clear 
are repeated continuously without address setting, the address 
is incremented by 1. The correspondence between the bit 
data and display is as shown in Fig. 11.4. 


Character mode ............ See Fig. 12.1. 

Graphic mode ............. See Fig. 12.2. 

Even in case of active area division, the addresses are elec- 
trically contiguous vertically or horizontally. 

In the character mode, the most significant 4 bits of the 
address (MA12 ~ MA15) is used for scanning of the vertical 


Refresh. Memory 
b7 b6 b5 b4 b3 b2 bi bO 


Address 
(0000) : 6 


(O7FF) i« 


Relationships between Cursor Address, Start Address, Refresh RAM, and LCD Display 


11.11 Busy Signal Read (Table 10.1, No. 14) 

This function shaii be used to check whether the controi LSi 
is busy or not. The Busy Signal is output to DB7 when this 
function is executed. Otherwise, the Busy Signal is not 
output from the LS!. DB6-0 contains insignificant data. For 
sure execution of the instruction from the MPU write a pro- 
gram to proceed with processing while executing Busy checks. 


bit Data 0 


Fig. 11.6 Relationship between Bit Data and Display 


pitch, so external control is impossible. In the graphic mode, 
the horizontal character pitch (Hp) is limited to 8 dots and the 
RAM data is displayed as it is on the LCD. However, pay 
attention to data inversion in each byte as described in Section 
11.8. 


Note: In the case of the character mode, 
the method of writing on the 
master side (left side: D,, D2) 
and the slave side (right side: D3, 
D,) is the same. 


Fig. 12.1 Character Mode 


Refresh Memory 


b7 b6 b5 b4 b3 b2 b1 bO 
Address 
(0000): 


(O7FF)i¢ 


CAUTION to data inversion 


Note: In the case of the graphic mode, 

. the method of writing on the 
master side (left side: D,, D,) 
and the slave side (right side: D3, 
D,) is the same. 


Fig. 12.2 Graphic Mode 
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13, Scrolling Operation 


The start address is generally set to (0000)1¢. Changing this (5) In case of horizontal scrolling in the graphic mode, Hy 


value enables an active area scrolling operation. shall be specified as 2N (N=1,2,......: integer). 
Pay attention to the following points: In other than 2" display at the time of scrolling will 
(1) In the character mode, scrolling in one character unit (Vp become out of order. 
value for the number of lines) is possible. (6) Display shifting in scrolling operation 
(2) In the graphic mode, scrolling in one byte (8 bits) unit is When the start address is changed by one address, whole 
possible. display is shifted by 1 character or 1 byte (8 bits) toward 
(3) The least significant address and the most significant the left. The data at the left end is displayed at the right 
address of the refresh RAM are apparently contiguous to end of the preceding line. 


provide the endless form. The range of addresses dis- 
played in the active area is the start address + (Hy X Nx/ 
Vp). 

(In the graphic mode Vp = 1. When the number of dots 
of the LCD module is different from the number ex- 
pressed by Hy and Ny, this is not applied.) 

Irrespective of the display size, information in all ad- 
dresses of the RAM can be displayed. 

(4) If the active area is horizontally divided into 2 blocks in 
a module like LM225, changing the starting address 
causes the data in the top line of the right block to be 
shifted to the bottom line of the left block. (See Fig. 
13.1.) 

Pay attention to this point when carrying out the scrolling 


operation. 
DEFG 
HIJK 
ABC 


Before Start Address Change 


HIJK 
ABC 
| DEFG 


After Start Address Change 


Fig. 13.1 Scrolling in Case of Horizontal Division (Example) Fig. 13.2 Display Shifting in Scrolling Operation 


Electrical Characteristics 


14.1 Maximum Ratings 


Item Symbol 


SECTION 6 


Notes: (1) Veg is generally 11.0 volts. 
(2) The range of Vo shall be Vpp 2 Vo Z VEE. | 
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14.2 Electrical Characteristics | (Vop = 5V +5%, GND = OV, Ta = 0°C to 50°C) 
| Item ~~ [Symbol | Test Condition == =| Min. | Typ. | Max. | Unit | Terminal 


Max. 
Input Voltage Vin fo 22 = | Vo | V0 ~ 7, 681, 2, €, R/W, RS, RES 
bi eee 7 aan (NR Bae wives 


(TTL compatible) lol =+1.6mA 


V 
Output Voltage 


Input Leak Current 


Output Leak Current 
Operating Frequency 
Power Dissipation Vop = 5V, Ta = 25°C 


Notes: (1) Internal frequency. 
(2) Excluding the refresh RAM and ROM current consumption. 
(3) RES: ViH = 3.0V, Vi“ =O0.8V. 


Timing Characteristics. 


15.1 MPU Interface (MPU « CB1040R) 


Cycle Time of “E”’ 


oe 


aa 

Pulse Raise Time of "E” ee ee ee 

Pulse Fall Time of “E” a ee ee 

Set Up Time of CS, R/W, RS en CO See ee ee ee 

Set Up Time of Input Data we | ee ee 

Data Delay Time Fa eS a 

Data Hold Time a 
Cen ee 


Hold Time of CS, R/W, RS 
Pulse Width of RES 


TMs 


CS, R’/W, RS 


DBo-~7 
(MPU—CB1040R) 


DBo-~7 
(MPU<-CB1040R) 
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15.2 LCM Interface (CB1040R @ LCM) 


Pulse Width of “CL1”’ 
Delay Time of “CL2” 


Cycle Time of ‘’“CL2” 


Pulse Width of “CL2”’ 


Delay Time of ““M” 
Hold Time of “FLM” 


Delay Time of D1 ~ D4 
Hold Time of D1 ~ D4 tDH 


D1, D2 


D3,D4 


ae See ee 


External ROM Pattern Generation 


Fig. 16.1 shows the correspondence between the ROM address 
and data. 

Write the 8-bit data corresponding to dot on/off for each 
address. AQ ~ AS show the scanning address. To display the 
pattern of the external ROM, write the codes of the most 
significant 4 bits and least significant 4 bits (total 8 bits) 


(A3 ~ A110) in the refresh RAM. Then, the corresponding 
character pattern is displayed on the LCD. However, the 
display range depends on the value of Hp. 

Specifying Hp = 6; Data at Og and O7 are not displayed. 
Specifying Hp = 7; Data at O7 is not displayed. 

Specifying Hp = 8; All data at O, through O7 are displayed. 


Applicable Connector 


Any connector whose pitch is 2.54 mm and pin diameter less 
than 0.9 ~ 0.8 mm can be used. 

For example, the following connectors manufactured by Japan 
Aviation Electronics Industry, Ltd. 
For MPU interface (20 pins) PS-20PE-S4T1-PN1 

For LCD interface (12 pins) PS-12PE-S4T1-PN1 
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Higher A11 
4 bits A10 


Ee SON ae oes EES 
ee ae etapa ten 
od 
0 0 O 
0 0 0 1 


Note: Data of A4 ~ A11 belong character code. 


Fig. 16.1 External ROM Pattern Generation 
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Example of Usage 


Condition: Character mode (internal ROM used) 
Character pitch 8 x 8 


[No.| _ Gontents of Execution image Display | 
ON 


ae Random character display pattern 
2 Master LSI initialize See Fig. 10.1 appears at 1/100 duty. 
Slave LSI initialize See Fig. 10.1 


Refresh Memory 
Write Designation Blank Random character display 


Master side | 
refresh RAM clear Blank Code (20) Input 


Master 


side 
(blank code input) Input made in all addresses of 


refresh memory (on master side)? 


<> 


Make Blank Blank 
CS2 sigs Nec 
Repeat No. 4 Routine 


Set Master Home Position 
(000) in Cursor Address 


Slave side: 
Refresh RAM clear 


Adaress set 


(on master side) Cursor lights 


Refresh Memory Write Designation 
Enter Character Codes 40 Times 
Mode.Control 


Set Cursor Address to 
Slave Home Position (OOO) 


Mode Control 


Refresh Memory Write Designation 
Enter Character Codes 40 Times 
Mode Control 


Set Cursor Address to Head of 
Address in 2nd Line. 


Mode Control 


Data Input 


Cursor moves : 


7 Data input to 2nd line. 


Cursor is caused to disappear by 
running this command. 


LSI switchover 


: Cursor lights on 1st line of 
slave side. 


Move cursor to 2nd line 


Cursor is caused to disappear by 
running this command. 


LSI switching 


Cu rsor lights 
on 2nd line. 


Cursor ON 
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